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‘Notice to all Active Members 


i 


of Member Associations 


Your prompt payment of 1956 dues 


will avoid interruption in receipt of 
SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services, 
Undue delay may make it impossible for 
a complete volume of the JOURNAL to 


be furnished. 


Please remit dire< tly to your Mem- 
ber Association Secretary immediately 
upon receipt of the first dues notice 


from him. 
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more efficient 
in operation, 
easier to maintain. 


for Sewage and Waste 


AERATION 


BOOST AERATION CAPACITY AT OLDER PLANTS, 


LIFTS UP FOR DIFFUSER 


MAINTENANCE BRING HIGHEST EFFICIENCY TO NEW . 
Individual Swing Diffusers can be Wide Band Diffusion provided by Chicago Swing Dif- 
lifted out of tank without interrupting fusers in many cases doubles the aeration capacity of 
operation, eliminating stand-by aera- previously used plate diffusion systems. For example, 
tion tanks. Precision Diffuser tubes are the Columbus, Ohio Sewage Treatment Plant was able 
quickly and simply cleaned to new to treat only 37 M.G.D. with their old diffuser plate 
condition to achieve maximum diffu- system. After changing to Swing Diffusers, aeration ca- 
sion with low head loss. pacity was doubled without increasing the amount of 


air used or the volume of the aeration tanks. In both 
old and new plants, Swing Diffusers assure maximum 


Chicago Swing Diffusers offer all pee. 


sizes of treatment plants—both in- FLEXIBLE AIR DISTRIBUTION 


’ dustrial and municipal—the advan- 
tages of air diffusing apparatus that Individual Diffusers can be simply adjusted to balance 
ie always in operation at maximum air supply with oxygen demand for effective process 
efficiency. control. 


Complete Operating Histories and Descriptive Bulletin 
Available on Request 


Subsidiary of Food Machinery and Chemical Corporation 


SEWAGE EQUIPMENT DIVISION 
DIVERSEY PARKWAY © CHICAGO 4, 


Now used in 
more than 


300 Plants! 


Plush Kleen @, Pe Piunger Hergentel und Water 
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Chlorinizer 
Conserves Water 
at Monterey 
Sewage Works 


This is Supt. McCormack of the Monterey, 
Cal. Sewage Works — standing beside Builders 
Model DVS-A Automatic-Proportional Chlorin- 
izer Except for the small dribble of clear woter 
for chlorine control valve pressure, this simple 
chlorine gas feeder operctes entirely on re- 
claimed sewage effluent, providing an important 
economy in the plant’s operating budget. The 
rate of chlorine dosage is governed by a Build- 
ers Chronoflo Effluent Meter which automatic- 
ally and accurotely proportions the chlorine 
feed to the effluent flow. 


WORKS 


All who hove participated in this project — 
City Engr. Maurice Pearce, Supt. McCormack, 
ond Harry N. Jenks, Consulting Engr. of Palo 
Alto — are well pleased with the performance 
of this system. Chlorinizer’s ready adaptability 
to automatic-proportional control, plus its highly 
efficient performance on a minimum quantity 
of clear water, are advantages which have 
really paid off for Monterey. 

However you plan to solve your chlori- 
nation problem (by manual, flow-proportional, 
or program control) Chlorinizer has many 
economies for you. Send today for Chlorinizer 
Bulletins, to Builders-Providence, Inc., 368 Harris 


Avenue, Providence 1, Rhode Island. 


BUILDERS-PROVIDENC 


DIVISION OF 68B-I-F 


INDUSTRIES, 
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Bonn, Germany 


Institute of Sewage Purification 
W. F Snook, Sec. 
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London, S$. W. 7, England 
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Eenest V. Batsom, Secretary 
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Westminster, 5. W. 1, London, England 
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Harvey W. Sec.-Treas 
Morrison & Maierle Inc 
Helena, Montana 
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LecuTenners, Secretary-Treasurer 
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New England Sewage and Industrial Wastes 
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Henry F. Munroe, Sec.-Treas 
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Raten C. Sweeney, Secretary 
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Asen. 
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Ohlo Sewage and Industrial Wastes Treat- 
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Warp E. Conran, Sec.-Treas 
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Conf.* 
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Water W. Saxton, Sec.-Treas. 
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Pennsylvania Sewage and Industrial Wastes 
B. S. Buss, Sec.-Treas 
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Puerto Rico Water and Sewage Works Asan. 
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Assen. 
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South Carolina Water and Sewage Works 
Asen.* 
: A. Korn, Sec.-Treas 
1329 Ellison Rd., Columbia, S. C. 
(Sweden) Fireningen Fir Vattenhygien 
Erxtx Jonsson, Secretary 
Jox 5038, Stockholm 5, Sweden 
(Switzeriand) Verband Schweizerischer Abwas- 
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Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Asen.* 
V. M. Enters, Sec.-Treas 
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Virginia Industrial Wastes and Sewage Works 
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Asen. 
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Self-Scouring! 
SIMPLEX PARABOLIC FLUME 


Measures open flows within +2% 
... over full 20 to 1 range! 


- SEWAGE - PLANT WASTES 
- WATER - CHEMICALS 


Simplex Type S Para- 
bolic Flume saves you 
the high costs of build- 
ing a concrete structure 


Type S Flume is used 
alone to indicate flow; 
with meter to record 
and totalize. 


to close tolerances, changing piping to Smooth transition from circular main to 
make a special approach section. parabolic form speeds flow, keeps flat 
It’s easy to install! Levelling pins assure invert clear! Throw of lever gives quick 
proper grade. Flanged, bell or spigot in- back-flushing. Big chamber traps sedi- — 


lets are in 6” to 36” standard pipe sizes. ment, keeps piezometer hole clean! 


WRITE FOR BULLETIN 800 


"4 SIMPLEX VALVE & METER COMPANY, DEPT. JA-5 
“7 EAST ORANGE STREET, LANCASTER, P 


Accurate instruments and controls since 1904 


SIMPLEX 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


New York Bewage Belmont-Plaza ‘ 18-20, 1956 
and Industrial Wastes Assn. New York City, N. Y. 


Texas Water and Texas A & M College 
Sewage Assn College Station, Tex. 


New Jersey Sewage and Hotel Traymore . 14-16, 1956 


Industrial Wastes Assn. Atlantie City, N. J 


Arkansas Water and Marion Hotel Mar. 19-21, 1956 
Sewage Conference Little Rock, Ark. 
(Silver Anniversary ) 


Arizona Sewage and Buena Vista Hotel 
Industrial Wastes Assn. Safford, Arizona 


Virginia Industrial Wastes Natural Bridge Hotel . 19-20, 1956 
and Sewage Works Assn. Natural Bridge, Va. 


TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 


in conjunction with 
California Sewage and Industrial Wastes Association 
Statler Hotel, Los Angeles, California 


October 811, 1956 
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AERO-ACCELATOR Treatment Plants provice 


complete sewage treatment at lower cost! 


7 


The “Agro-AcceLATOR” treatment units provide high 

rate sewage treatment (overall Bop reduction better 
> @ than 90%) at low cost. Embodying the latest concepts 
wee of activated sludge processing and solids separation, 
ms ~ this compact unit requires a detention time of only 

4 hours at average flow for complete secondary 

treatment. This means important savings for any 

community or institution, regardless of plant capacity. 


If you are planning a sewage plant, see your 
consulting engineer or write INFILCO regarding the 
economical “AERO-ACCELATOR” treatment unit. 


wew ROTAGRATOR screen and comminutor 

A revolutionary development for 

screening and comminuting all coarse 

sewage material without rejection or 

removal from the flow. Reduced 
head loss, straight-channel installation offering engineered 
and low power requirement. Elim- 


waste processing — 


inates odor and handling nuisances. cooguietion, 
Precipitation, 
sedimentotion, 


INFILCO INC. 


biclogical traotment 
921 South Campbell Ave., Tucson, Arizona 
Field offices in principal cities in North America “m1 
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what have 


The Asiatic elephant is found in shady, 
wooded districts of Southeastern Asia 
Huge animals that weigh up to 

8,000 pounds and have a life spon of 
about 60 years, they are easily 
domesticated. Many of them ore used to 
perform useful labors of lifting and pulling 
Ordinarily gentle, they can become 
highly dengerous when enraged or 
frightened 


In good condition after 100 years of 
service, this cast iron distribution main 
is one of several still functioning in 
New York City. 
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they common... 


THE ELEPHANT 
AND CAST IRON PIPE...STRENGTH! 


Great strength has made the elephant one of Man's most useful animals. 
And Cast Iron’s strength . . . shock strength, beam strength, compressive strength, 
make it the world’s most dependable pipe . . . servant of centuries. 


THE PROOF: 


To DAY. @@ modernized cast iron pipe, centrifugally cast, 
is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 
ite long years of service. 
CAST IRON PIPE’S PROVED RECORD OF DEPENDABILITY IS UNIQUE 
IN ITS FIELD. 
Cast Irom Pipe Research Association, Thos. F. Wolfe, Managing Director, 
122 So. Michigan Avenue, Chicago 3. ° 
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AND HERE'S © isted below are some of | 
SUPPLY, City | any. Mow York 
BOARD OF WATER COMMISSIONERS OF WATHE, GAS & FIRCTRICITY WIKMINGTON WATER 
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Safe Handling of Surplus 


Sewage Gases 


VAREC equipment has become 
recognized as ‘'standard"’ for safe and 
efficient sewage gas handling. It is 
simple, foolproof and dependable — yet 
designed to meet the highest engineer- 


SEWAGE GAS CONTROL 
VARE and SAFETY DEVICES 


Modern Sewage Treatment Plants, 
like other processing plants, require 
equipment specifically designed to main- 
tain conditions which will produce maxi- 
mum operating efficiency. 


ing standards of accuracy, sensitivity 
and reliability. 

The photograph above illustrates a 
typical VAREC control and waste gas 
burner installation for safe disposal of 
excess gases. 

For additional details on this instal- 
lation, or information on other available 
VAREC equipment, contact your nearest 
VAREC representative or address: 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, Calif. 
Cable address: VAREC COMPTON Colif. (U.S.A.) All Codes 


Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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“TRAVEL CAPSULES ew conditioned plaw«enciosed propelled of high ipeeds along elevoted tubewaoys 


immune to weather, traffic delay, mechanical breakdown Science is exploring ite powibilities now 


100 years from now... 


WE MAY TRAVEL BY VACUUM TUBE! 


Many fantastic developments...today only dreams and lines 
on an engineer's blueprint...may become the commonplace of 
the future 

But in that world to come, one highly useful servant will 
continue its public service much as it does today. Cast iron 
pipe laid today will still carry our gas and water 

Records show that over sixty American cities are served 
by cast iron gas and water mains laid in the ground over a 
hundred years ago! And today, U. S. Pipe, centrifugally cast 
and quality-controlled, is even more serviceable 

U.S. Pipe is proud to be one of the leaders in a forward- 
looking industry whose service to the world is measured in 
centuries. 


U. 6. PIPE AND FOUNDRY COMPANY, General Office: Birmingham, Alabame 


A WHOLLY INTEGRATED FROM MINES AND BLAST FURNACES TO FIFE. 
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Have you considered... 


‘The Suntth & Loveless 
‘MON -O-JECT’? 


FOR FACTORIES SCHOOLS MOTELS AND 
SMALL SUB-DIVISIONS 
fl 4 CAPACITIES: 20 G. P. M. to 100 G. P. M. 
FACTORY ASSEMBLED AND TESTED 
it » TESTED AND PROVEN IN SERVICE 
EASILY AND QUICKLY INSTALLED 
rar. ELIMINATES UNSIGHTLY PUMP HOUSE 


WRITE DEPARTMENT 30 


For Job Recommendations, complete specifications, and 
f drawings-all part of the lotest edition of the 100 page 
+ Smith & Loveless pump station Data Manual.... eS 


REPRESENTATIVES N PRINCIPAL civies 
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MANUFACTURING PLANT: MERRIAM, KANSAS 


Call on LINK-BELT for water, sewage 


waste treatment equipment built to last 


STRAIGHTLINE COLLECTORS for rectangular settling tanks. Peak cap bearings, pivoted 
flights and Straightline action all contribute to wp efficiency. Chain im system shown 
installed im 1930 gave 15 years of continuous 24 hour service before replacement 


ONE SOURCE... ONE RESPONSIBILITY 


ONG life decides the eventual econo- 
L my of sanitary waste treatment 
equipment. And after years of opera- 
tion, Link-Belt systems in cities both 
large and smal continue to provide 
highly effective water purification and 
sewage treatment service . .. with neg- 
ligible maintenance expense. 


Link-Belt equipment has also been 
welcomed in industrial plants of all 
kinds — particularly in states having 
strict anti-pollution legislation. For 
Link-Bele equipment can dispose of 
wastes at lowest cost—recover by- 
products for highest profit. 


Link-Bele offers you a broad line of 
top-quality equipment plus engi- 
neering proficiency acquired in over 34 
years’ experience. Our specialists will 
be glad to work with your own engi- 
neers, chemists and consultants to bring 
you the finese in modern treatment 
methods. Call your nearest Link-Bele 
office for full information and catalogs 
on the Link-Belt products shown here. 


LINK-SELT COMPANY: Executive Offices, 307 N. Michigan Ave., 
Canada, Scarbor 


cipal Cities. Export Office, New York 7; 
out the World. 


THRU-CLEAN BAR 
SCREENS —- Remove 
large floating particles 
from large volumes of 
‘water — thus protect 
other equipment 


TRITOR SCREENS —— For 
small sewage treatment 
plants—remove both 
grit and screenings with 
one mechanism 


BELT 


1. To Serve Indust 
0 (Toronto 13); Australia, Marrickvil 


CIRCULINE COLLECTORS tor square or 
round tanks for quick, positive sludge 
and scum removal in shortest ume with 
out septicity. 


LIQUID SCREENS have proved efficient 
and economical for removing solids from 
industrial liquids. Available in several 
sizes with fine cloth 


CHEMICAL MIXERS —— Link Bele builds 
Straightline (shown) and flash mixers 
Efficiency is assured by operation at vari- 
able speed for maximum floc formation 


There Are Link Bele Plants and Sales Offices ia All Pria- 
N.S.W., South Africa, Springs. Representatives Through 
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CHAPMAN 
SLUICE GATES 


Wide Selection — There Whether for high head or low 
are over 300 types and sizes 


of standard Chapman Sluice head, seating or unseating pres- 
Gates to meet most condi- sures, large or small waterway 
tions. Controls are for either areas, there’s a Chapman Standard 


manual, hydraulic or electric Sluice Gate to do the job better and 
motor driven operation. Many 


special designs and sizes are at lowest possible cost. They are 
also available. easier to install and more econom- 


ical to maintain for these three im- 


Eosy Installation — Chap- portant cost-saving reasons. 
man Standard Sluice Gates 

are faster and simpler to in- 

stall because component parts 

are interchangeable. They fit 

perfectly, every time, without 

expensive and time consum- 

ing matchmaking or field al- 

terations. 


Replacement Parts — 
Standardized manufacture 
means that should repair and 
replacement parts be needed, 
they will fit perfectly into 
place without fitting. Servicing 
and repairs can be done at the 
job with minimum expense. 
Chapman Standard Sluice 
Gates have been job-tested in 
waterworks, sewage works 
and flood control projects 
across the country. They are 
your assurance of top per- 
formance at lowest cost. If 
your current project calls for 


si 
check the big advantages that Manufacturing Company 


only the Chapman Standard 
Sluice Gate Line offers. INDIAN ORCHARD, MASSACHUSETTS 


is 
; 
Installation 
| 
j 
| 
| 


SEWAGE AND INDUSTRIAL WASTES 


Berore YOU PLAN your sewer system 
it will pay you to consider carefully all 
the advantages listed on this page. 
They are typical of those that Trans- 
ite® Sewer Pipe has provided. Among 
them are real money-saving advan- 
tages important to all concerned with 
sewer systems. . . the contractor, the 
engineer, the taxpayer. And among 
them, in all likelihood, are many that 
Transite Pipe can put into effect under 
your own sewer system conditions. 


Typical System Design Advantages 
@ Installed in shallower trenches 


@ Savings in amount of material 
excavated 


@ Smaller earth loads 
@ Elimination of cradling 


@ Location of treatment plant at 
higher level 

@ Elimination of pumping 

@ Use of smaller diameter pipe 

@ Installation at flatter slopes 


Typical Installation Advantages 

@ Fewer joints @ Speedier assembly 

@ Easier handling @ Assurance that 

@ Smaller crews joints pass severe 
infiltration tests 

Typical Operation Advantages 


@ Infiltration treatment cost 
drastically reduced 


@ Only normal sewage treated 


Typical Maintenance Advantages 

@ Tree roots kept out— minimizes 
cleaning 

@ Sewers kept smooth and intact — 
pipe stays strong, joints stay resilient 

@ Need for frequent inspections reduced 


For further information and your copy of TR-94A, helpful, widely used Sewer Design Flow Chart 
based on the Manning Formule, write Johns-Manville, Box 60, New York 16, New York 


UY) sohns-Manville TRANSITE SEWER PIPE 


the asbestos-cement sewer pipe for tighter systems 


505a 
Transite Sewer Pipe provides 
a lower-cost, more efficient, 
tighter system um 
‘ € 
INSTALLATION IN OPERATION | IN MAINTENANCE 
l 
Tes. 
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Rockwell-Nordstrom worm gear ond wrench operated valves on di- 
gester recirculoting sludge lines assure lew cost, efficient control. 


Costs Down....Efficiency Up 


with Rockwell-Nordstrom Valves 
for sludge and digester service 


For any service from water to treatment chemicals, 
tapered plug design plus pressurized lubrication de- 
creases maintenance cost and assures trouble-free 
operation in three important ways: 


1 Costly down time for stuck valves is eliminated 
because the tapered plug in Rockwell-Nordstrom 
valves is hydraulically cushioned for instant operation. 


2 Pressurized lubricant film between the plug and the 
valve body dependably seals against costly or annoy- 
ing leakage of the lightest gases of heaviest slurries. 


3 Metal-to-metal wearing friction is eliminated and 
working surfaces are protected by the tough lubri- 
cant film ... repair and replacement costs are slashed. 


It will pay you to standardize on Rockwell-Nord- 
strom, the original and complete line of lubricated 


ROCKWELL-Nordstrom VALVES 
Lubricant Sealed For Positive Shut-Off 


plug valves. No matter what your requirements, 
there is a Rockwell-Nordstrom valve (and a complete 
selection of valve accessories) that will do the job 
with more trouble-free dependability and at lower 
cost than any other valve you've used. Send the 
coupon today for Rockwell's new, free book on 
Rockwell products for sewage and wastes services 
and learn how you can cut your costs with Rockwell 
meters and regulators and Rockwell-Nordstrom 
valves. 


Canadian Valve Licensee: Peacock Brothers Limited 


Rockwell Manufacturing Company 
Pittsburgh 8, Po 


(_] Please send me, free, Bulletin C-5200. 
() Please have your representative coll 
Nome 
Company 
Street__ 


City 
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SEWAGE AND INDUSTRIAL WASTES 


LASTING PROTECTION 
ASSURED! 


specified 100% 


for Linden—Roselle, N. J., 


Sewage Plant 


Pumping station of new $4,000,000 Linden—Roselle Sewage Treatment Plant. The entire plant 
is painted with Inertol coatings. Colorful Glamortex® quality alkyd, along with Ramuc™ Utility 
Enamel and Ramuc Floor Enamel — both chlorinated natural rubber-base coatings in color —are 
but three of the Inertol paints chosen to attractively protect this plant. 


Chemical fumes, high humidity, corro- 
sive industrial wastes —such destructive 
influences had to be combated to main- 
tain the plant's good looks and assure 
maintenance economy. Inertol coatings 
were specified exclusively by Consulting 
Engineer M. H. Klegerman of Alexander 
Potter Associates, New York, N. Y. 

Throughout this plant Inertol colored 
enamels and bituminous coatings are at 
work, They not only provide top, trouble- 
free service, but their hardness, chemical 
inertness and elasticity mean safe, effi- 
cient, low-cost protection as well. 

Thousands of installations all over the 
country enjoy Inertol protection and 
beauty. Your plant can benefit, too. Buy 


Inertol paints direct from the manufac- 
turer. Shipments within three days from 
our plant, or from nearby warehouse 
stocks. Send for free, informative “Engi- 
neers’ Painting Guide.” Just write on 
your firm's letterhead, giving your title, 
Be sure to ask about Florwear", Inertol’s 


chemical- and wear-resistant paint 
specifically formulated for concrete floors. 


This is the modern sewage 
treatment plant described in the 
August Sewage & Industrial 
Wastes article “Painting the 
Sewage Treatment Plant” by Su- 
perintendent Charles Saunders. 


A Complete Line of Quality Coatings for Sewage Plants and Water Works 


—-INERTOL CO., Inc.— 


482 Frelinghuysen Avenue, Newark 5S, New Jersey 


27H South Park, San Francisco 7, California 
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ONE OF THREE WORTHINGTON PUMPS in new addi- 
tion to City of Dallas’ Cadiz Street pumping station. 


Worthington keeps Dallas pumping station 
a step ahead of city’s growth 


Fast-growing Dallas has to look ahead to future the three remaining, bays, but so far the three 
city expansion when planning improvements in its Worthingtons have been enough. 
sewage disposal system. Just one example of Worthington service to 

City engineers kept that in mind when they built municipalities everywhere. There’s a Worthington 
the. addition to the Cadiz Street pumping station. unit for your municipal or industrial application — 
They provided room for a total of six pumps to with design and construction proven on the job. 
handle raw, screened sewage — and installed three Write Worthington Corporation, Public Works 
Worthingtons. Eventually, they'll install pumps in Division, Section W.5.2, Harrison, New Jersey. 


ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPONSIBILITY 


Vater Works Pumps « Sewage Pumps « Comminutors « Vertical Turbine Pumps « Vacuum Pumps 
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SEWAGE AND INDUSTRIAL WASTES 


reasons why 


CONCRETE PIPE gets the 


call for sewers 


From giant trunk line installations to 
small diameter sanitary sewers, con- 
crete pipe is the choice of leading san- 
itary engineers when specifying pipe 
for sewers. There are four sound en- 
gineering reasons for this preference: 


1. AMPLE STRENGTH. Concrete pipe re- 
sists severe impact, sustains heavy 
overburdens and withstands the 
wearing action of rugged climatic or 
unfavorable soil conditions. 


2. OUTSTANDING DURABILITY. When you 
specify concrete pipe you assure long 
years of trouble-free operation. Many 
cities have had more than a century of 
service from concrete pipe sewers. 


3. MAXIMUM HYDRAULIC CAPACITY. The 
smooth interior walls and clean, even 
joints of concrete pipe resist abrasion 
from suspended matter and provide 
maximum carrying Capacity. 


4. UTMOST SAFETY. Concrete pipe’s 
uniformly dense structure and tight 
joints assure minimum leakage and 
infiltration. This reduces contamina- 
tion in the line and overloading of 
treatment plants. 


Engineers and taxpayers appreciate 
the economy of concrete pipe sewers. 
Their moderate first cost + their low 


maintenance cost + their long life 


= low-annual-cost sewer line service. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Avenue A national organization to improve and extend the uses of portland cement 
Chicago 10, Illinois and concrete through scientific research and engineering field work 
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SEWAGE AND INDUSTRIAL WASTES 


introduces a 


controlled 


activated sludge process 


KRAUS DISTRIBUTED AIR PROCESS 


with nitrified sludge interchange 


provides completely controlled 


activated sludge 


In full scale operation at the Peoria, Illinois plant, 
this new method of applying air in conjunction 
with the return of reaerated activated sludge 
and digester liquor has made it possible 
to successfully treat the increased sewage flows 
in their present aeration tanks. 
This new PFT distributed air process is now 
waste treatment equipment available. Briefly it provides: 
exclusively since 1893 
® Greater stability of activated 
sludge treatment 


® More efficient treatment of shock loads 


© More efficient use of aeration tank capacity 


PACIFIC FLUSH TANK CO. 
4241 Ravenswood Avenue 
Chicago 13, Illinois 


© Lowered power requirements for air 


HESTER, @ GAN MATEO, CALIF CHARLOTTE, N.C JACKSONVILLE DENVER 
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SEWAGE AND INDUSTRIAL WASTES 


Beaumont, Texas installs Densludge Digestion and 
four 195’ Dorrco Distributors 


Among the more unusual new installations in the 
United States is the 30 MGD Ultra-Modern Plant 
now serving Beaumont, Texas. Employing the 
Biofiltration flowsheet followed by Densludge Di 
gestion, the plant is designed for a population load 
of 200,000 with room for expansion 

Unusual at Beaumont are four 195’ Dorrco Dis- 
tributors among the largest ever manufac 


tured. The primaries are rated at 15 MGD each 


Here's the equipment installed at Beoumont 


under a head of 3.2 ft. while the secondanes han 
die 30 MGD each at a 2.'75 ft. head. Also unique is 
the use of Densludge Digestion incorporating two 
Densludge Thickeners to concentrate the solids to 
6-7'4% prior to digestion. 

As this new plant at Beaumont shows, there's a 
Dorr-Oliver unit for practically every step in every 
sewage treatment flowsheet. Write for a copy of 
Bulletin No, 6041 which covers the complete line 


1 40° Dorr Detritor + 4 155" dia. Dorr Secondary Clarifiers 


4 155° dia Dorr Primary Clarifiers « Dorrco Primary Distributors 2 Dorreo Secondary Distribytors 


2 50° dia. Dorr Densludge Thickeners « 


Consulting Engineers 


Engineering Consultants 


| 80° dia. Dorr Multdigestion System 


6 Dorrco Plunger Pumps 


GEORGE J. SCHAUMBURG, Beaumont, Texas 


FORREST & COTTON, Dallas, Texas 
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WORLD-WIDE RESEARCH + ENGINEERING + EQUIPMENT 


Sewage Works 


MUNICIPAL BONDING FOR SEWAGE TREATMENT 
FACILITIES 


By Joun H. Lupwie, B. J. Sreigerwaup, anp G. E. 


Sanitary Engineers, Water Supply and Water Pollution Control Program, U. 8. Publie 
Health Service, Washington, D. C. 


The Water Pollution Control Act, 
P. L. 845, is concerned with the control 
and abatement of water pollution due 
to municipal sewage and industrial 
wastes. To assist in the evaluation of 
obstacles to the construction of sewage 
treatment works by municipalities, the 
Water Supply and Water Pollution 
Control Program of the Public Health 
Service collected and analyzed data on 
financing of sewage treatment works 
selected from the Bond Buyer for the 
four-year period 1951-54. The results 
of this analysis are summarized in the 
tables that follow. 


Selection of Sample 


The sample used for the analysis con- 
sists of 341 bond issues representing 
expenditures of more than 420 million 
dollars, or roughly one-half the con- 
tract awards for sewage treatment 
works during this period. Bond data 
were taken from the monthly issues of 
the Municipal Bond Sales Section of 
the Bond Buyer. Projects were se- 
lected on the basis of availability of 
complete data, consisting of: the mu- 
nicipality or utility, type of facility, 
date, term, bond value, and basis or 
price. Since the description of the 
purpose of the bond, as listed in the 
Bond Buyer, is brief, it was difficult in 
some cases to separate bonds issued for 
sewage collection systems from those 
issued for interceptors or treatment 
works. Sewage collection system bonds 


were eliminated when the description 
definitely indicated them to be such; 
however, they were included for those 
cases of bond issues for combined col- 
lection systems and treatment facilities. 
It is difficult to state the exact portion 
of the sample represented by collection 
systems. It is estimated, however, that 
the dollar volume is not more than 10 
per cent of the total ineluded in the 
entire sample 


Analysis 


Of the 541 bond issues totaling 421 
million dollars, 184 issues totaling 264 
million dollars are revenue bonds and 
157 issues totaling 157 million dollars 
are general obligation bonds. The 
analysis of the data, as contained in 
Tables I through IX,* is summarized 
as follows: 


1. Table I indicates a yearly break- 
down of the data used in the sample 
into revenue bond issues and general 
obligation bond issues. 

2. Tables I1-A, II-B and II-C indi- 
cate by population groups the bond 
yield for the issues in each group. 
Bond yield, also referred to as the 
basis, represents the annual return on 
the bond taking into account premiums 
"The ‘‘Adjusted Bond Yield Ratios’’ in 
these tables are the bond yields adjusted to 
reflect the fluctuating bond market by com 
paring the yield of each bond issue with the 
municipal bond index in the Bond Buyer. 
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Mean and median bond 
yields for the issues in each group are 
shown, 


or discounts 


Mean bond yields were com- 
puted by weighting the yields for each 
issue by both term and principal, simi- 
lar to the procedure used to determine 
Av- 
erage terms, weighted by bond value, 
and total bond value in each group are 
indicated. In addition, data en- 
titled ‘‘Adjusted Bond Yield Ratios’’ 
are also shown ‘Adjusted Bond 
Yield Ratios’’ are ratios of bond yields 
to the Bond Buyer’s Index of Munici- 
pal Bond Average Yields. This index 
is determined by the Bond Buyer by 
averaging the market value of bonds 
expressed in ‘“‘basis’’ of (gen- 
eral obligation only) for 20 munici- 
palities throughout the United States. 
Specific issues are not used in compil- 


the yield for a serial bond issue. 
re 


also 


bonds 


ing these averages. Basis prices used 
are those applicable to a bond having 
generally sell- 
ing at a price close to par. The index 
gives a general indication of the level 
of the municipal bond market. Ad 
justed bond yield data are included 


a term of 20 years and 


in the tables to allow consideration of 
fluctuations of the bond market when 
comparison is made of bond issues sold 
at different dates. Hence, these data 
are useful in giving an indication of 
mean, median and range in bond yields 
at a particular date by multiplying the 
Bond Buyer’s index for that date by 
the ratios listed in the tables. 

3. Tables III-A, III-B and III-C in 
dicate, by bond value groups, the bond 
yield for the each group 
Mean and median bond yield and ad- 
justed bond yield ratios for the issues 
in each group are shown. Average 
term, weighted by bond value, is also 
indicated 

4. Tables IV-A, [V-B and IV-C indi- 


cate, by geographical regions as delin- 


issues In 


eated by standard census divisions, the 
bond yield for the series of issues in 
each region 
yield and adjusted bond yield ratios 
for the issues in each group are shown. 
Average term, weighted by bond value 


Mean and median bond 
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and total bond value in each region, 
is also shown. 

5. Tables V-A, V-B, and V-C indi- 
cate, for quarter-percentage bond yield 
groups, the total bond value and per- 
centage of the total in each group. 
Average term, weighted by bond value, 
is also indicated. 

6. Tables VI-A, VI-B and VI-C in- 
dicate adjusted bond yield ratio 
groups, the total bond value and per- 
centage of the total in each group. 
Average term, weighted by bond value, 
is also indicated. The adjusted bond 
yield ratio groups in Table VI corre- 
spond fairly well with the quarter- 
percentage bond yield groups listed in 
Table V. 

7. Tables VU-A, VII-B and VII-C 
indicate the mean yield for bonds in 
the sample issued during each one-half- 
year period. For a general compari- 
son the index from the Bond Buyer is 
listed for similar periods. 

8. Table VIII indicates, for the single 
term issues in the sample, the variation 
of bond yield with term. 
were not included in this analysis as 
the mean term issues is not 
Individual issues in a se- 
rial issue were not included, since the 
entire issue is sold as a block and the 
price for individual issues sold sepa- 
rately would not necessarily be the 
same as the price for the entire issue. 
Mean and median bond yield and ad- 
justed bond yield ratios for the issues 
in each group are shown. 

9. Table IX indicates the breakdown, 
by population groups, of average an- 


Serial issues 


for such 
significant. 


nual contract awards for sewage treat- 
ment works for the period 1952-54. 


Discussion 


Since the selection of bond issues was 
made on the basis of availability of 
data as contained in the Bond Buyer, 
the sample analyzed is not a true cross 
section of construction for the period 
analyzed. A comparison of the ‘‘Per 
Cent of Total Bond Value’’ in the var- 
ious population groups (column 4 of 
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Table II-A) with the ‘‘Per Cent of 
Total Construction Awards’’ (column 9 
of Table LX) gives some indication of 
the disagreement between the sample 
and construction awards during 1952- 
54. This comparison shows that the 
sample is overweighted for population 
groups above 10,000. Also, a compari- 
son of the annual bond value in the 
sample to the annual contract awards 
(column 9 of Table I) indicates that 
the sample is overweighted for 1954. 

General information and points of 
interest in regard to municipal sewage 
treatment works financing as deter- 
mined from the analysis inelude the 
following : 


1, Tables I1-A, I1-B and II-C (Popu- 
lation groups) : 


a. Bond yields on the average are 
about one per cent less for large 
municipalities than for small ones. 
This applies to both 
bonds general 
bonds. 

b. In general, the range of bond 
yields for population groups as 
determined from the range of ad- 
justed bond yield ratios, applied 
to the average index for the pe- 
riod, is more significant than the 
differences in bond yields between 
groups. 

c. The bond yield for revenue bonds 
is generally a little over one-half 
per cent higher than for general 
obligation bonds. 

d. The average term for revenue 
bonds is generally about five years 
greater than for general obliga- 
tion bonds. 

2. Tables III-A, III-B and III-C 

(Bond value groups) : 


revenue 
obligation 


a. Bond yields on the average are 
about one-half per cent less for 
large issues than for small ones. 

b. In general, the range of bond 
yields for bond value groups as 
determined from the range of ad- 
justed bond yield ratios applied 
to the average index for the pe- 
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riod is more significant than the 
differences in bond yield between 
groups. 

ec. The average term is about 10 
years greater for large issues than 
for small issues. 

3. Tables IV-A, IV-B and IV-C 

(Geographical regions) : 

a. Bond yields are generally lower 
in the northeastern areas of the 
United States generally 
higher in the southeastern area. 

b. In general, the range of bond 
yields for the region as deter- 
mined from the range of adjusted 
bond yield ratios applied to the 
average index for the period is 
generally more significant than 
the differences in yields between 
regions. 

ce. The average term is generally 
shorter in the same regions where 
bond yields are lower. 


4. Tables V-A, V-B V-C 


(Quarter-percentage yield groups) : 


and 


a. For the sample analyzed, 50 per 
cent of the total bond value is 
financed with bond issues yield- 
ing less than the following: 2.8 
per cent for the entire sample, 
3.0 per cent for revenue bonds 
and 2.4 per cent for general ob- 
ligation bonds. 

b. The average term for the 50 per 
cent of the total bond value fi- 
nanced with the lower yielding 
bonds is about five years less than 
for the 50 per cent of construe- 
tion volume financed with higher 
yielding bonds. 

5. Tables VI-A, VI-B VLC: 
These tables present a comparison of 
bond yields in terms of the Index of 
Municipal Bond Average Yields, the 
Bond Buyer. This index reflects the 
general level of the municipal bond 
market. 


and 


a. For the total sample analyzed, 
the following percentages sold at 
yields below the index: 20 per 
cent for all bond issues, 9 per cent 
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for revenue bonds only, and 37 
per cent for general obligation 
bonds only. 

Fifty per cent of the total bond 
value is financed with bond issues 
with values of adjusted bond 
yield ratios less than the follow 
ing: 1.18 for the entire sample, 
1.24 for revenue bonds only, and 
1.06 for general obligation bonds 
These values agree ap 
proximately with data 
Tables V 
index for the entire four-year pe- 
riod 


only 
obtained 
directly from using an 
arithmetic mean of monthly 
values) equal to 2.31. Exact 


comparison is not 


expected as 
the bond value of the sample is 


not distributed equally over the 
period, 

lor the total sample analyzed the 
following percentages of total 
had yields greater 
than 150 per cent of the index: 6 
per cent for all bond issues, 9 per 
cent for revenue bonds only, and 


bond value 


TABLE I. 


General Obligation 


Valu 


8, million 


1951 
1052 
1953 
1054 


34.0 
36.5 
44.4 
148.7 


Total 263.6 


| See reference 


See reference 2 
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1 per cent for general obligation 
bonds only. 

6. Tables Vil-A, VII-B and VII-C: 
In general, bond for sewage 
treatment works construction have 
yields higher than the Index of Mu- 
nicipal Bond Yields of the 
Bond Buyer. The difference is greater 
during when the 


issues 


Average 
periods index is 
higher. 

7. Tables 

VIII-C: 

a. Long term bonds in general have 

yields about 114 per cent higher 
than short term bonds. 
The range of bond yields for in- 
dividual term groups is more sig 
nificant than the differences in 
yield between groups. 


VILI-A, VIII-B 


and 


References 


Bond Buyer, 67 Pearl 8t., 
N. Y. (1951-54 


New York 4, 


2. ‘*Publie Sewage Treatment Plant Construe 


tion.’’ U. 8. Pub. 
Washington, D. 
1954). 


Health 
(1952, 


Service, 
1953 and 


Summary of Data Used in Analysis ' 


Total Lasues Per Cent of 
Contract 
Award in 

Value | 

(8, million) | 


Contract? 
Award 
| ($, millions) | 


hes 
b, 
g 
UPS 
f 
A 
4 
; 
Year | | 
| Wie | Value 
| a7 | 10 144 7 | 177 | 44 
38 17 10.1 55.6 137 41 
“pa 34 | 49 17.5 | 53 9.9 | 191 48 
| 81 16.6 | 156 195.3 | 228 | 86 
fig P| 157 157.6 341 421.2 733 58 
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TABLE II-A. Bond Yield by Population Groups, Revenue and General Obligation Bonds 


Bond Value 


al Bond Yield Adjusted Bond Yield Ratios 
ee No. of Per Cent of Total 
Thousand issues | 
million In Cumu 


Range 
Group lative . 


Under 1.0 

1.0-2.5 

2.5-5.0 ll | 2.4 4. 2.8 2.65 26 O.75-1.95 
10 26.9 | 3.4 | 6 75 | 0.73-1.58 
25 8 | 27. 3.05 2.65 | 0.67-2.10 
50 42.3 | 37. 3.2: | 0.66-1.67 
100 2% 6.5 | 5.8 53.4 2.6 2.4: 5 0.73-1.53 
250 21.4 28. : 22.; : 2.6 2 : 0.60-1.57 
500 53. 04.8 2.05 | 1.25 Of 0.69-1.61 

500-1000 9 | O64 2.6 At) 0.90 O.71-1.06 

Over 1,000 f 2.6 3. 100.0 2.46 2.55 | 1. 1.30 | 1.07-1.30 


Total 100.0 | 100.0 | 19.2 | 2.69 | 125 | 117 | 0.66-2.10 


TABLE II-B.—Bond Yield by Population Groups, Revenue Bonds Only 


Bond Value 


Actual Bond Yield Adjusted Bond Yield Ratios 


| 
Population No. of | Per Cent of Total | 


(sroup I us 
Thousand 


(million)| 


In Cumu Mean Median | 
Group | lative | 


Mean 


~ 


Under10| 3 | 038] 0. 18.6 | 484 | 4.50 
2.5 3.8 | 5 | 20.0 3.79 3.58 
5 5.3 3.f 16.8 3.19 | 2.98 
10 3° 19.9 | | 19.4 | 3.21 | 
25 53.2} 20.2] 19.8 | 3.18 
50 30.8 | 32.9 | 20.3 3.39 
100 30.8 446 | 21.9 2.83 
250 | 66.2 69.8) 19.8 | 2.86 
500s | 45.6 | f 19.8 | 2.86 
1,000 | 

Over 1,000 | 29 | 100.0 | 164 | 2.49 


20 | 
10 O80 
20) 
10) O86 


1.07 


Total 184 | 263.6 | 100.0 | 100.0 | 19.9 | 3.02 


28 | 0.80-2.10 
| 


Vol. 27, No. 12 eC 1339 j 
+ 
Av 
Term | | 

| 
| 205 | 2.06 | 1.92-2.10 : 

| 1.66 | 1.50 | 1.27-2.10 

| 1.38 | 1.30 | 1.00-1.95 

1.35 | 140 | 091-141 

1.39 | 1.30 | O.87-1.17 
1.29 | 1 1.67 7 
1.20 1 1.53 
11s | 1.35 
1.29 1 1.61 
(113 | 26 
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TABLE II-C.--Bond Yield by Population Groups, General Obligation Bonds Only 


tjond Value 


Actual Bond Yield Adjusted Bond Yield Ratios 


| Per Cent of Total| | 


wusand) | 


Mean dian | Range 


1.35 10 | 1.00 
1.17 20 | 0.84 
1.08 10 | 0.75~-1.51 
1.07 0.73-1.58 


1.82 
1. 
f 
0.95 ( 0.67-2.10 
1. 
l. 
l. 


58 


Under 1.0 
1.0-2.5 


t 


1.05 0.06 52 
0.99 0.73-1.31 
1.36 0) 69-1.57 
0.94 0.80 0.69--1.06 
0.05 0.90 | 0.71-1.06 
1.09 1.19 1.09-1.30 


25-0) 
50-100 
100-250 
250-500 8.3 91.1 
500--1,000 | 5.6 06.7 
Over 1,000 1 3.3 | 100.0 


1S 


— — 
Noro 


t 


Total 57 57.6 | 100.0 | 100.0 2.95 eH ' 1.03 | 0.66-2.10 


‘This value includes a bond issue by the city of Miami, Fla., for $27,100,000 with a bond 
yield of 4.322 per cent By omitting this issue from the group the mean bond yield for the group 
becomes 2.49 per cent with an average term of 19.9 years, and for the entire sample 2.36 per cent 


with an average term of 15.3 years 


TABLE III-A.-Bond Yield by Bond Value Groups, Revenue and General Obligation Bonds 


Bond Value 
Adjusted Bond Yield Ratios 


Bond Velu N Per Gent of Total 


a Mean Median Range 


Under 25 60 0.79-2.10 
25-49 2.7 : 0.91-2.06 
0.69-1.95 
100-249 | | 3.0 l 2 0.67-2.10 
250-499 | 24.5 § 2.02 2.6 § 0.69-1L. 88 
500-999 2° 0.66-1.90 
1,000-2,4990 | 3.6 2.82 2.5! 0.71-1.58 
2,500-4,999 2f 2 | 0.73-1.67 
10,000 or over 14.0 | 100.0 3.8! 3.26 : 1.33-1.49 


Total 21.5 100.0 | 100.0 ‘ 2.6 0.66-2.10 


1340 : 
= — = 
(million | | | | 
Res In | Cumu Mean Median 
14 | 1.1 0.7 0.7 24 
|} 19 2.6) 1.7 2.4 85 : 
2.5-5 3.1 5.5 33 
510 | 2} 44] 9.9) 7 
10-25 25 17.6 | 11.1 210 | 9 
‘ 
{) 2 i] 
3 
4 | 
ern 
4 
; 


TABLE III-B. Bond Yield by Bond Value Groups, Revenue Bonds 


| | Bond Value 

| Actual 

Bond Value | No. of Per Cent of Total | oa 

‘TOUDS leaues | eru 

($, thousand } | 1 (¥r 
(million In | Cumu Mean 

CGiroup lative ‘ 

Under 25 | 3) 0.04 | 0.1 0.1 78 3.74 
25-49 | 0.1 | 0.2 6.5 3.59 
50-99 06 | 02 0.4 | 13.6 | 3.7: 
100-249 3.7 | 1.4 18 3.32 
250-499 | 41 | 142] 54] 72/178) 3.18 


500-999 | 33 | 228 | 8.6 15.8 | 18.6) 3.33 
| 
| 


1,000-2,499 | 42 | 664 | 25.1) 409/184) 3.00 
2,500--4,999 17 | 55.2 21.0; 61.9 | 19.0; 2.99 
5,000-9,999 | 11 | 68.6 | 26.0} 87.9 | 22.2| 2.84 
10,000 orover| 2 | 32.0 | 12.1 | 100.0 | 22.2! 3.22 
Total | 184 263.6 | 100.0 | 100.0 | 19.9 | 3.02 

| 


TABLE III-C.—Bond Yield by Bond Value Groups, 


Bond Value 
Bond Value No. of | Per Cent in Total ans | 
roups ferm | 
$, thousand) (Yr) 
| Group lative | % 
Under 25 11 02} 3.12 
25-49 7/ 02] 01] 02] 94| 282 
50-99 11 0.8 | 0.5} 85! 249 
100-249 40 68) 42) 49/121] 2.66 
250-499 32} 100| 64] 11.31/12.7| 2.45 
500-999 22 | 92] 205/109! 2.08 
1,000-2,499 18 | 27.1] 17.2| 37.7| 142! 2.24 
2,500-4,999 | 8 | 26.9] 17.1] 548/148) 2.31 
5,000-9,999 7 44.0! 280 | 82.8 | 186! 2.46 
10,000 orover! 1 | 27.1 | 17.2 | 100.0 | 31.1) 4.32 
Total 157 | 157.6 | 1000 | 100.0 | 17.9 | 2.95 
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Bond Yield 


3.75 
3.50 
3.48 
3.08 
2.88 
3.18 
2.86 
2.72 
2.83 
3.18 


2.99 
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Adjusted Bond Yield Ratios 


Mean 


1.00 


Median | 


pes 


1.33 


Range 


1.50-2.08 
0.91-2.06 


| 1.14-1.95 


0.87-2.10 
0.87-1.88 
1.04-1.90 
0.80-1. 58 
0.86-1.67 
1.04-1.39 
1.33-1.44 


0.80-2.10 


General Bonds Only 


Bond Yield 


to 


Adjusted Bond Yield Ratios 


Mean 


Median 


1.05 


| 


Range 
0.79-2.10 
1.00-1.82 
| 0.69-1.45 
| 0.67-1.58 
0.69-1,58 
0.66-1.31 
0.71-1.19 
0.73-1.15 
O.89-1.31 


 0.66-2.10 
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Medien | | 
| | 
1.42 
1.61 
| 1.50 
1.36 | 
144 
(1.30 
1.20 
1.19 | 
| 141 | 
i 
| Median 
2.85 | 1.55 | 1.1 
| 250 | 1.38 | 1 
1.97 | 1.09 | 1.06 ms 
2.54 | 1.14 | 1.09 
| 2.29 | 1.08 | 1.01 
| 2.01 | 0.92 | 0.93 ih 
|} 2.16 | 1.00 | 0.95 ih 
2.30 | 0.97 | 0.97 a 
1.13 | 1.09 
1.49 | 1.49 | 
| 
23 | 118 | 
| 
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TABLE IV-A.--Bond Yield by Geographical Regions, Revenue and General Obligation Bonds 


| Ratios 


Regional Area 


Range 


New England 

Middle Atlantic 

Kast North Central 115 
West North Central 30 
South Atlantic 47 
Kast South Central 30 
West South Central 36 0.86-2.08 
Mountain 7 1.06-1.41 
Pacific 32 2.7: 2 2% 0.71-1.92 


0.69-1.13 
0.67-1.64 
0.66-2 
0.73-1.50 
0.82-1.67 
1.08-2.10 


to 


Total } 21.2 . 2! . | 0.66-2.10 


' Standard census division 


TABLE IV-B.—-Bond Yield by Geographical Regions, Revenue Bonds Only 
Adjusted Bond Yield Ratios 


Median Range 


New England 

Middle Atlantic ‘ 3.16 Bi 0.89--1.64 
Kast North Central { 35 0.91-2.08 
Weat North Central 5.7 j 0.80-1.50 
South Atlant 2 3.2: 36 3: 0.95-1.67 
West South Central 2 37 2.62 « 0.86-2.08 
Pacific 3.1 2.0% 2.3 2% 0.87-1.92 


Total 100.0 3.0% 0.80-2.10 


' Standard census division 
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: 
| 
Bond \ it Act Bond Yield Adjusted Bond Yicl 
Per Cent ) Mest Mediar 
million)) in | G 7. 
‘ 
5 
= 
A 
Kegional Arens on Pern 
per Cont) | | Mean | 
1, 
4 


Regional Areas 
New England 5 
Middle Atlantic 27 


Kast North Central 
West North Central 22 
South Atlantic | 
East South Central 


West South Central 
Mountain 3 
Pacific 17 

Total 157 


| 


Hond Yield | of 

Issues 

| (tillion)| 

1.25-1.49 | 6 11.6 
1.50-1.74 | 21 25.6 
1.75-1.99 | 22 | 28.2 
2.00-2.24 37 29.3 
2.25-2.49| 51 51.2 
250-2.74| 46 | 60.1 

2.75-2.99| 41 | 49.7 | 
3.00-3.24 | 34 40.3 
3.25-3.49 | 36 55.1 
3.50-3.74 19 15.8 
3.75-3.99 | 12 | 20.6 
41.00-4.24 9 3.3 
1.25-4.49 | 2 27.5 
5.00-5.24 | 1 0.2 


Total | 341 ) 421.2 


‘Standard census division 


(million) 


TABLE V-A.- Distribution by Bond Yield, 
Revenue and General Obligation Bonds 


Bond Value 


Per Cent of 
Total 


Group 


2.7 
6.1 
6.7 
6.9 | 
12.2 | 
14.2 

11.7 | 
9.6 | 


13.1 


3.7 


4.9 


0.3 


| 100.0 100.0 | 19.2 


Bond Value 


MUNICIPAL BONDING 


Mean 


Bond Yield 


Group 


1.25-1.49 
1.50--1.74 
1.75-1.99 
2.00--2.24 
2.25-2.49 
2.50-2.74 
2.75-2.99 
3.00-3.24 
3.25-3.49 
3.50-3.74 
3.75-3.99 


Actual Bond Yu 


to to bo te 


tort 


~ 
~ 


TABLE IV-C.--Bond Yield by Geographical Regions, General Obligation Bonds Only 


Adjusted Bond Yield Ratios 


Mean Median 


0.92 0.80 
1.15 1.03 
0.04 0.06 
0.09 1.03 
1.39 1.00 


1.14 1.18 
1.24 L.18 
1.06 1.15 
1.18 1.03 


TABLE V-B. Distribution by Bond Yield, 
Revenue Bonds Only 


Bond Value 


| Per Cent of Ay 
| Total Term 
(Yr.) 
millon 
| In Cumu 
Croup lative 
| 
11.5| 43] 43] 19.2 
12.7 | 1.8 9.1 12.5 
10.4; 39! 13.0) 15.4 
17.0 | 64| 194] 14.9 
44.0 | 16.8) 36.2} 20.2 
9.9 | 15.1) 513 | 18.6 
38.4 14.6) 65.9 | 22.3 
54.1 | 20.5| 86.4] 21.6 
15.0 5.7| 92.1} 21.2 
14.0| 5.3] 97.4) 23.0 
3.3 13) 98.7) 25 
04 0.2| 98.9 | 24.5 


263.6 | 100.0 


0.93 


100.0 


Range 


0.690-1.13 
0.67-1.31 
0.66- 2.10 


| 0.73-1.49 


0.82-1.58 


1.62 
1.06-1.28 
0.71-1.61 


0.66- 2.10 


22.5 


100.0 | 19.9 
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= 
Per Cent Median 
4.7 3.0 13.1 1.8] 1.73 
31.1 19.7 | 16.6 | 2.67 34 : 
52.3 33.1 | 13.4 | 2.06 27 
7.1 1.5 10.0 2.36 42 
42.0 26.7 | 25.5 3.80 37 Ft 
7 6.1 3.9 16.2 2.55 53 | 
8.1 5.1 | 28.2 2.80 
6.2 40 | 12.2) 2.21 34 
157.6 | 100.0 | 17.9 2.95 
| 
In Cumu 
lative | | 
| - | 
27 14.6 | 
88) 15.5 2 
15.5 | 12.9 | 6 a 
22.4 | 13.4 9 
34.6) 15.4 19 
48.8 | 19.4 | 25 
60.5 | 20.1 32 
70.1 | 21.9 25 
83.2/ 21.5 27 
86.9) 21.0 13 
0.8} 92.6) 25.1 | 4.00-4.24 9 
6.5) 99.1 | 31.0 | 4.25-4.49 1 | 
0.6| 99.7) 22.5 | 4.50-4.74 4 | 2.7 10) 99.9 | 22.5 
| — | — | | 
100.0 | 225 5.00-5.24 l 0.2; 
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TABLE V-C.—-Distribution by Bond Yield, 


General Obligation Bonds Only 


tjond Value 


fond Yield Per Cent of 
(jrouy Total 


In Cumu 


Group lative 


7.3 
8.9 
OR 
12.0 
21.6 


7.3 
16.2 
26.0 
38.0 
59.6 
70.1 
76.3 
77.5 
78.1 
78.6 
82.8 


100.0 


100.0 100.0 


TABLE VI-A. 
Yield Ratios, Revenue and General 
Obligation Bonds 


Bond Value 


Adjusted 
Bond Yield 
Ratio 
Group 


| 
| Per Cent of 
| Total 
(million)| | 
In ( 
| Giroug 


imu 
lative 


0.69 | 11 
8.8 
38.2 
34.3 
67.2 
74.0 
18.0 
| 
67.3 
15.7 
7.1 
0.3 
0.9 | 
0.9 | 
0.3 | 
0.3 


99.6 
990.8 
99.9 
100.0 
341 | 421.2 


100.0 | 100.0 


Total 


Distribution by Adjusted Bond 


Av 
Term 


Yr.) 
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TABLE VI-B.—Distribution by Adjusted Bond 


Yield Ratios, Revenue Bonds Only 


Bond Value 
| 


| No. of | 


Adjusted 
Bond Yield 


tatio 


Per Cent of 
Total 


(Group | 


0.60 
0.70-0.79 
0.80-0.80 
0.90-0.99 
OO 
10 
201.26 2 57.4 
30-1. 36 | 75.8 
10 7 90.9 
5O-1.56 5.! 96.4 
60 99.1 
70 : 99.2 
OO 3 | : 99.8 
2.0)-2 99.9 
10 | 100.0 


0.69 


Total 100.0 | 100.0 


TABLE VI-C.—-Distribution by Adjusted Bond 


Yield Ratios, General Obligation 
Bonds Only 


Bond Value 


Adjusted 
Bond Yield 
Ratio 
Group 
(%) (million 


Per Cent of 
Total 


Cumu 
lative 
0.60--0.69 
0.70 
0.90 
OO 
10 
20 
AO 
5O 
60 
70 
Ww 
2.00-2 
10-2.19 | 0.1 


100.0 | 34.0 


157.6 | 100.0 


| 


Total 


100.0 | 17.9 


: 
= 
— 
—| | 
| | | In Cumu- | 
| Group | | . 
| | roup | lative | 
1.25-1,49 6 | 11.6 | 14.6 
1.50-1.74 19 14.1 12.5 
16] 15.5 13.1 15.9 
200-924) 28 | 18.9 12.2 12.0 
2.25-849| 32 | 34.2 | 15.6 17.1 
250-874) 21 | 161 | 10.5 17.1 20.6 
2.75-9.99 9.8 6.2 25.6 19.2 
oe 3.00-3.24 9 1.9 1.2 13.6 22.0 
“pe 3.25-3.49 9 10) 06 15.2 22.5 
3.50-3.74 6 05 16.0 21.8 
as 3.75-3.99 6.6 1.2 13.3 20.0 
1,00-4,24 18.7 
125-449} 1 | 27.1) 17.2| 31.1 26.4 
1.50-4.74 
4.75-4.99 13.6 
5.00-5.24 22.5 
Total 157 | 157.6 | 17.9 
ada 
| 
| 
} | Ay 
| No. of 
0.60 0.3} 0.3) 6.1 | 6.1 
0.70 91) 2.4) 11.1 | 
0.80 9.1} 11.5] 14.0 13.3 
0.90 19.6] 12.8 13.3 
1,00 15.9| 35.5| 16.4 15.5 
1.10 17.5; 53.0; 19.9 16.7 
1.20 11.4| 64.4] 20.4 | | 23.0 
1.30 13.5| 77.9| 20.7 13.3 
1.40 16.0} 93.9| 25.8 )| 30.7 
1.50 3.7| 97.6)| 21.6 18.3 
1.60 1.7) 90.3 19.9 | 
a 1.70 0.1) 99.4) 18.7 | 
1.80 26.1 | 13.5 
1.00 16.3 | 
13.6 
2.10 23.9 
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TABLE VII-A.— Distribution by Half-Year 
Periods, Revenue and General 
Obligation Bonds 


Bond Value 
Ay Mean 
Term | Yield 
% in | (¥r.)| (%) 


(mil 
(Group 


lion 


6/51 16.6 1 
12/51 . 31.8 


| 16.2 
7 5 | 16.7 
1-6/52 2 37.4 9 16.1 
7-12/52| 26 18.3 4.3) 18.3 
l 
7 
7 


6/53 2! 18.1 11.4 | 25.1 
12/53 2! 13.8!) 104) 18.6 
6/54 90.9 21.6) 17.7 
12/54 104.3) 21.3 | 


TABLE VII-C. —Distribution by Half-Year 
Periods, General Obligation Bonds Only 


x 


| Bond Value 


Total | 341 421.2 100.0 3.00 2: Period | No. of | Yield | Index’ 


Group 
‘Index of Municipal Bond Average Yields, 


the Bond Buyer. 1~-6/51 ‘ 99 144 


7-12/51 21.! 13.8 
1-6/52 d Ss 11.4 
7-12/52 0.7 
1-6/53 < 20.2 
TABLE VII-B.— Distribution by Half-Year 7-12/53 
Periods, Revenue Bonds Only 1-6/54 13.3 
7-12/54| 53 | 25.6| 163 
Bond Value 
Mean Total 157 | 157.6) 100.0 17.9 
Yield laden! 
‘Index of Municipal Bond Average Yields, 
the Bond Buyer 
17.5 | 2.13 
17.5 | 2.91 
16.8 2.53 
3.25 
3.84 
22.0 | 3.58 
69.9| 26.5 | 18.7 | 2.96 
78.7} 29.9 | 23.0 3.01 


Total 184 263.6 100.0 | 19.9 3.02 


‘Index of Municipal Bond Average Yields, 
the Bond Buyer 
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las ues 
1.81 
2.07 

2.08 

2.28 
2.82 
2.47 
2.32 
1.8) 
| 

7 
7 
7 

‘ 
A 
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TABLE VIII. Variation of Bond Yield with Term for Single Term Issues Only, 
Revenue and General Obligation Bonds 


Value 


Actual Bond Yield usted Bond Yield Ratio 


Range 


Under 5 3.5 0.75-1.50 


5- 9.9 36 5.6 2.2 2.4 0.66-2.08 
| ‘ 


10-14.9 52 0.73-1.82 
15-19.9 2 24.6 0.80-2.08 
25--29.9 3.7 a9 : j 1.48-1.88 
30 or over : 0.1 100.0 3.6% 2 1.95-2.10 


Total 100.0 100.0 0.66-2.10 


TABLE IX.--Sewage Treatment Works Construction Awards Average for Years 1952-53-54 
Distributed by Population Groups ' 


lotal Coat 
Plante tlargemen All Projects 
Population Per Cent of Total 
Grou 
(thousand 


Coat 


$, million rojer villion of Total 


Under 2.5 20 14.6 : 27 14 
2.5-5 f &.9 ‘ 13 
10 36) «10.7 5 12 
10-25 13.6 3! 11 
25-50 8.7 
50-100 j 13.1 
100-250 16.9 
250-500 16.8 2 
500- 1,000 1.9 l 
Over 1,000 7 1 


Total 336 79.3 615 100 


' See reference (2) 


¥ 
‘ 
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4 
Term No. of Per Cent of Total 
million 
ai In Cun Mean Median A 
— 
No nt In Cumu- 
fe 18.0 10 10 
Fc 12.6 7 17 
17.7 9 26 
22.2 12 38 
? 
28.0 15 61 
27.4 15 76 
an 
: 23.8 13 SY 
Doar 14.0 7 100 
= 
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DUAL AERATION AS A RUGGED 


ACTIVATED 


SLUDGE PROCESS * 


By L.S 


. Kraus 


Chemist, Greater Peoria Sanitary District, Peoria, IU 


Since the basic conception of the ae- 
tivated sludge process by Ardern and 
Lockett in 1913, its development has 
been gradual but continuous. In their 
laboratory studies of sewage aeration, 
the aeration phase was continued until 
oxidation was complete. The 
allowed to settle 
purified sewage was decanted. 
tional 


solids 
and the 

Addi- 
was added to the 
deposited settled solids and the eycle 
of aeration, settling, and decantation 
was repeated many times. An evalu 
ation of the process based on these 
published in 1914 (1), 
contains the following 


were then 


raw sewage 


studies 
This 
statements: 

‘It was found that as the amount 
of the deposited matter increased, the 
time for oxidation 
gradually diminished until eventually 
it was possible to completely oxidize 


Was 


paper 


each succeeding 


a fresh sample of crude sewage within 
twenty-four hours. 

‘For reference purposes and failing 
a better term, the deposited solids re- 
sulting from the complete oxidation of 
sewage have been designated ‘activated 
sludge.’ ’’ 

rom that time to the present, the 
development of equipment and proce- 
dure for carrying out the basie con 
cepts of activated sludge treatment has 
resulted in modifications. The 
intended to reduce 
operating costs and to 


many 
modifications are 
capital and 
overcome difficulties in operating pro 
While much has been accom 
funda- 


mentals of the biochemistry and micro- 


| dures 


plished in understanding the 


* Presented at 1955 Annual Meeting, Ohio 
Sewage and Industrial Waste Treatment Con 


ference; Columbus, Ohio; June 22-24, 1955. 


biology involved in the process, after 
even 40 years of study and use the 
mechanisms and chemistry 
are not fully understood 


involved 


It is the aim of this paper to discuss 


recent studies of problems at the 
Peoria activated sludge plant, and to 
indicate the direction in which the 
data observed seem to point. <A review 
presented in 


understand 


of certain 
order to better 
velopments 


concepts is 


these de 


Mechanism of Purification 


It is not clear whether Ardern and 
Lockett had in mind the association of 
with the 
phenomenon of adsorption or whether 
they intended to apply Webster’s defi 
nition Certainly 
the latter definition would describe the 
sludge they produced by repeated fill 
and draw 


their term ‘‘activated sludge 


‘*to make active.”’ 


laboratory experiments, 


since their process resulted in the pro 
duction of a sludge which could finally 
effect substantial nitrification in 6 to 9 


hr. of a sewage that required aeration 
for five weeks in the initial experiment 

It is generally accepted that adsorp 
tion plays an important role in the re 
moval of organic materials from the 
sludge Investigators 
least established the fact that 
some of the erganic compounds, dis 


sewage by the 
have at 


persed, colloidal and dissolved, enter 


the zoogloeate matrix of the sludge, 
concentration 
The sludge is then 
incapable of further purification until 


the materials so incorporated in the 


and ultimately reach a 


near saturation 


have been removed biochemi 


The 


are 


sludge 
cally 
moved 


organic materials so re 


converted to oxidative 
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products carbon dioxide 


probably 


and biological exudates a id 


The 


exudates, 


Vater 
microorgvanisy 


their 


organisms and 


referred 
the active 
The 
sew 
thie 
ol 
largely 


surrounding 


to as zoovloea, constitute 
in the 


W ith 


purilying media sludge 


Zoouloea 


tovether occluded 


ul pended solids 
activated 
the 


the 


constitutes 
The 


results 


volume 


ated ludge 


Prom zoogloea it contains, the sew 


“ave il pended 


for 


olids being primarily 


respon ible its weight (expre sed 


free basis 
The activated 


the 


On mol 


sludve process 


volve removal of organic materials 


from by verating the sew 
age with 


the 


ated sludge, and (b) by 
of the 


pur ified sewaue by 


ubsequent removal sludu 
the 
The first 


the 


settling 


step is brought about by a 
ludve zoogloea, and the se 
the 


suspended 


tion ol 
ond weight 
solids 
the 
properly, it 1s 
of these 


step is to 


density 


responsive 
the 

the 
function 

that both 


control 


and ol 


contained in sludge For 
process t 
necessary factors 
be under 
Ardern and Lockett poited out 
their 1914 paper that 
maintain the sludge 

efficiency it is necessary 
should not be at 
of unoxidized 


They also stated: ‘‘It is 


order to 
highest 
there 


accumu 


“in 
its 
that 


at 


any time 


lation sewage solids.’ 


not necessary 


that the sewage should be kept in con 


tact with the activated sludge until 


such 


may 


conditions obtain, as its activity 
be maintained by suitable aera 
of the 

In conventional operation of the ac 
tivated both 
and reactivation 
the tank 
As the process is practiced at Peoria 
a 
tor 
the 
tion of the 
lated 
sludge activity 
divested 


vated 


tion activated sludge alone 


proce Ss, 


purification sludge 


take place in same aeration 


eparate aeration tank Is used 


continuous aeration of a part oj 


ated sludge A sufficient por 
activated 


this 


AcTIN 
sludge 1s 
to 


eeu 
tank 
At the 
added 


through maintam 


tl 
sludge 1s to this 
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Control of Sludge Index 
The 


sludge 


ot 
the activated 


digested 
sludge the 
to control 
The digested 


the 


purpose adding 


to in 


separate aeration tank 1s 
the sludge settleabilits 
sludge will mix with activated 
remain dispersed the 
of the mixture 
settleability 


volume 


sludge and 


in 
mixture Analysis 


shows an increased and 
a decreased 

The 
S.V.1. is proportional to the weighted 
average of the S.V.I. of the 


components 


sludge index 


resulting change in 


two 


Activated sludge 
tate of flow 
Suspended solids 


8.V.I 


1.0 m.g.d 
10,000 p.p.m. 
100 


Digested sludge 
Rate of flow 


Suspended solids 


V1 


0.1 m.g.d. 
50,000 p.p.m 
%) 

Mixture 


tate of flow 1.0 + 0.1 


1.1 m.g.d 
S.V.I 
1.0 10.000 100+ 0.1 * 50,000 20 
(1.0 10,000+0.1 50,000)T 
1.000,000+- 100,000 
10.000+- 5,000 


1,100,000 
15,000 
Suspended solids of mixture 
1.0 10,000 +0.1 50,000 
1.0+0.1 
13,600 p.p.m 
The foregoing example is presented 
for illustrative 
eration, the quantity of digested sludge 


added need be sufficient only to balance 
the of the to 


purposes. In plant op 


tendency sludge index 


Activated Sludge Bulking 


Bulking recognized 
problem in operation of the activated 


has been as a 


a 
a. 
: 
| 
; 
uty 
ping 3 
— 
| 
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sludge process since the late 1920’s, 
particularly in treatment 
plants receiving discharges of indus- 
trial Bulking, or high sludge 
volume index activated sludge, has led 
those operating and designing plants 
the treatment process a 
and sensitive which 
used only when variations 
slight. The thought 
prevails that if the process is over- 
loaded with respect to B.O.D. or re- 
tention period, bulking will ensue and 
the process efficiency will be materially 
reduced 


sewage 


wastes. 


to consider 
delicate 
should be 


in loading are 


one, 


For this reason, the accept- 
industrial for 
municipal activated 
sludge plants has been thought un- 


ance of certain wastes 


treatment in 


desirable. 

The late C. C 
ates in 1939 published an explanation 
of the bulking phenomenon (2). In 
effect, their report indicated that two 
are 


Ruchhoft and associ- 


simultane 
in the purification process; one 


processes proceeding 
ously 
a process of oxidation of compounds 
to carbon dioxide and water, and the 
other a process of synthesis of zoovloea 
It is the latter process which produces 
the materials having low density and 
high sludge index. When in- 
contain substantial 


volume 
dustrial wastes 
quantities of dissolved organic matter, 
however, the synthesis of microorgan- 
isms and zoogloea may constitute a 
major factor 

Plant operating data which provide 
activated sludge 


wasted and suspended solids removed 


a comparison of 


indicate that synthesis can amount to 
as much as one-third of the suspended 
added 
this 
index IS 


solids When synthesis takes 
increase in 
Some de 


gree of compensation for this increas 


place to extent, an 


sludge observed 


ing sludge index must be provided. 


This can be accomplished by prolonged 
‘oxidizing 
some of the zoogloea and thus produces 


aeration which results in 
a slight lowering of the sludge index, 
or it may be accomplished by adding 
readily dispersed solids of low 8.V.1I. 


The treatment employed at Peoria 
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FIGURE 1.—Flow diagram of the activated 
sludge process. 


uses digested sludge for this purpose, 
together with aeration which produces 
an activated sludge of considerable 
activity and one having a low sludge 
index 


sludge is converted to activated sludge 


By this process, the digested 


and subsequently is added to the mix 
ture of sewage and activated sludge in 
Figure 1 is a flow 
diagram of the process (3) 

The following data indicate the de 
which the S.V.I. be 
trolled by the addition of digested 
sludge in treatment that 
normally would have values above 100, 
with maxima in the order of 300 to 
100. During the year 1954, average 
S.V.L. at the Peoria plant was 44 with 
a maximum monthly average of 51 and 
4 minimum monthly 
Daily data are tabulated below 


the aeration tanks 


gree to con 


process 


average of 37 


av Number of 
Kange 
35 40 70 
1050 214 
50-60 70 
6070 10 
72 I 


Activated Sludge Clarification 


Another factor in the purification 


cycle which has given the activated 
sludge process the reputation of being 


the 
clarifying ability which corre 


sensitive to ‘‘shock’’ loadings ts 
loss of 
sponds to periods of low dissolved OXY 
the 


activated sludge plants it 


yen in aeration tanks. In small 


is usually 
impossible to vary the quantity of air 
hours in order to 


applied every few 


‘ 
ok 
ty 
~ 
hw 5 
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maintenance of an appreciable 
the 
problem Is 
the 
sub 
the 
the 


oxygen content in 
This 

significant 

the 


Variations 


acra 
tion tank effluent 
particular! 
B.0.D 


ject 


when 
eontent of sewage 18 
harp due to 


discharge of industrial wastes to 


sewage 
In the conventional treatment plant 
ults 


c load re not only in a sharp 


increase in sludge volume index, but 


dissolved 
tanks; 


reduction 


also in a loss of 
the 
tendant 
ber of 


oxygen inf 
in addition, an at 
the 


clar ity Ing microorganisms 


aeration 
occurs in nui 
Kol 
lowing sur h an occurrence, a period up 


to one week may be required to re 
establish the clarifying ability of the 
sludge 

The Peoria situation is one in which 
shock the 


process are frequent 


loads on sewave treatment 


and sustained 
In a community of 135,000 population 
the sewage population equivalent value 
frequently exceeds 400,000 The peak 
exceed a 600,000 popula 
tion equivalent value It is 
that the 


clarification would be a problem, even 


hourly rates 
obv IOUS 


under such loadings loss of 
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though dissolved determina- 


tions are made for control at intervals 


oxygen 
of four hours. An operator can apply 
all the the aeration 
tanks and find that the dissolved oxy 
the effluent 


tanks is approaching zero 


available air to 


gen content in from these 

Not only 
has the clarity of the effluent been de- 
stroyed, but after the shock load has 
been removed and the dissolved oxygen 
content of the aeration tank liquor has 
returned to normal the loss of elarifi- 
still 


be required to re 


cation persists. Many days may 
establish the lost or 
thus, if the 


every few days the inadequacy of the 


; shock load recurs 


purification process is apparent 
The effect of 
and resulting 


low dissolved oxygen 


loss of clarification is 


the 
as practiced at Peoria. 


minimized in activated sludge 
Dur- 


through 


process 
ing four weekdays, Tuesday 
the oxygen content 
of the aeration tank effluent falls below 
0.5 p.p.m. for a period of & to 12 hr. 
At the same the effluent 


some clarification, 


riday dissolved 


time, under 


loss ol 


but as 


soon as adequate dissolved oxygen 1s 


PHOTO-CELL 


aso VEO 
OXYGEN \//V 
ATION 


DISSOLVE D 


JAM Sam 


TIME 


FIGURE 2.—Effect of typical shock load on clarification and dissolved oxygen. 
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regained the clarification is re-estab- 
lished 

Figure 2 illustrates these conditions 
on a typical day. This graph shows 
variations at intervals of four hours 
in photoelectric cell measurements of 
the final effluent turbidity, and ap- 
proximate (colorimetric) values of dis- 
solved oxygen in the aeration tank 
effluent. Note that as the dissolved 
oxygen is reduced the turbidity is in- 
creased and lower photoelectric cell 
During the 
when the general 


readings are obtained, 
period dissolved 
oxygen concentration is less than 1.0 
p-p.m., the concentration in some aera- 
tion tank units falls to zero. As the 
dissolved oxygen content again in- 
creases, the turbidity is reduced and 
the photoelectric cell reading rises, 
That the day illustrated, May 11, 
1955, is typical of what might be 
termed ‘‘shock load’’ conditions is in- 
dicated by the following tabulation : 


Aeration tank loading 
Including nitrifying aeration tank 
B.O.D. per 1,000 cu. ft. per day. 
Without nitrifying aeration tank 
B.O.D. per 1,000 cu. ft. per day. 
Retention period in aeration tanks—2.39 hr. 
Air 466 cu. ft. per lb. applied B.O.D 
Overall B.O.D. removal —91.5 per cent. 


102.1 Ib 


153.1 Ib. 


Compare the above loadings with the 
33 lb. B.O.D. per 1,000 eu. ft. of aera- 
tion tanks used in I[llinois as a design 
factor, and the 466 cu. ft. of air per 
pound of applied B.O.D. with the value 
of 700 commonly considered efficient 
operation 

In the conventional process, a load 
such as that illustrated would result in 
a loss of clarification and a sharp rise 
in sludge index The sludge index 
value was 41 on May 10th and 43 on 
May 12th, a minute change which em 
phasizes the stability of the activated 
sludge process and its capacity for ab- 
sorbing shock loads. 

Responsibility for the rapid recovery 
of clarification following the re-estab- 


lishment of dissolved oxygen content 
in the aeration liquor effluent is due, 
in our opinion, to the presence of suit- 
able clarifying microorganisms in the 
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sludge nitrifying aeration tank. The 
cultivation of an active and readily 
settleable sludge in this tank is in- 
dependent of conditions in the ‘‘ flow 
through’’ aeration tanks. 


Maintenance of Dissolved Oxygen 


As the load on the Peoria activated 
sludge sewage treatment works in- 
creased, greater quantities of dissolved 
oxygen were required. A study of the 
efficiency of oxygen absorption, as in- 
dicated by the residual dissolved oxy- 
gen in the air released from the tank, 
is summarized in Figure 3. Accurate 
data under plant conditions are very 
difficult to obtain; however, Figure 3 
is considered a typical approximation 
summarized from 47 determinations 
made in the spiral flow aeration tanks. 
It is apparent that as the rate of ap- 
plication of air is increased, the effi 
ciency of absorption of oxygen de- 
Obviously, if the aeration 
tanks were to handle increased load 
ings, the development of improved 
methods of air application would be 
required 


creases 


It is a generally accepted premise 
that air should be introduced into the 
aeration tank near the tank bottom, 
and that this air be diffused into small 
bubbles. In order to prolong diffuser 
life, and to keep the pressure loss 
through the diffuser low, the air must 
be as free as possible from dust and 
other dispersed particles. 


FUSER 


OIF. 


DIFFUSER RATE 


CEM AIR / Se Fr 
~ 


é 6 70 
% OXYGEN ABSORP 7/ON 


FIGURE 3.—Oxygen absorption as 
measured by analysis of air released from 
aeration tank for varying rates of air per 
diffuser. 
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When ali all 


water, the 


bubble is released in 
rate of solution of oxygen 
is considered proportional, among 
other factors, to the depth of submerg 
time of contact It is also 
that 
versely to the temperature, the bubble 
size, and the 
the dissolved 
addition, it is 
the film of 


air is 


and 


ene? 


considered solubility varies in 


degree of saturation of 
oxygen in solution, In 
considered probable that 
with the 
with dis 
that the 
largely dependent 


liquid in contact 
instantly saturated 


solved and over-all 


rate of solution is 
on the at which the saturated film 
is transferred or diffused into the sur 
body of the This 


transter or increased as 


rate 
rounding liquid 
diffusion is 
the turbulence of the liquid increases 
which the 
equipment 


Factors over designer ol 


aeration has some control 


are bubble size, depth of submergence 


contact time and turbulence. Experi 


fourth of the Ps 
capacity 


ments utilizing one 


aeration tank have led 
to the belief that, of 


turbulence is the 


oria 
these variables 
most Important 
Proper application of air has made it 
possible to effect a considerable tank 
and also to increase bubble 

These 
that 
can be produced with air admitted well 
and that 
portion of the air need not be diffused 


turbulence 


liquid contact time experi 


ments have revealed turbulence 


above the tank bottom this 


into small bubbles 


A Dual Aeration System 


At Peoria, an 
been developed wherein a part of the 
total 


aeration system has 
admitted at 
diffs rs 
part of the air is distributed at shallow 


applied air is 


tank bottom through and 


submergence in a manner designed to 

a maximum turbulent condition 
The turbulence produced by the dis 
tributed an 
at the 
the Oxye 


creates a violent agitation 
This 


en uptake from the air above 


liquid surface Increases 
the liquid surface and also increases 


the rate of oxygen absorption from 


the air admitted in small bubbles near 


INDUSTRIAL WASTES 


December, 1955 


FIGURE 4.—-Parallel flow distributed air 
experimental unit. 


the tank bottom. Not only is the rate 
of dissolved oxygen transfer from the 
film at the bubble 
to the liquid body increased, but 


saturated surface 
also 
the path of the bubble is lengthened, 
thus increasing bubble contact time 
Figures 4 and 5 are sketches which 
indicate the the ex 
periments have been carried out. Air 


manner in which 
is distributed through orifices in piping 
immediately adjacent to the tank wall, 
and at a submergence approximately 
one-third of the liquid depth in the 
tank. The rate of application of the 
distributed air is just sufficient to 
create violent wave action on the tank 
surface 
Figure 4 illustrates application of 
the distributed air on the same side as 
the diffused air, termed parallel flow ; 
Figure 5 illustrates application of dis 
tributed air on the side opposite to the 
diffused air, termed counter flow 
Parallel flow design was found to be 


FIGURE 5.—Counterflow distributed 
experimental unit. 
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slightly less effective tham counter flow 
in oxygen absorptive efficiency but pro- 
duced tank par- 
ticularly at the surface, and is recom 


increased velocities, 
mended for the operation of nitrifying 
aeration tanks when high sludge con- 
centrations aerated. The 
counterflow design is slightly more ef- 


are being 
fective in oxygen absorption efficiency, 
since it velocities and 
increases the distance of bubble travel 
from the diffusers at the tank bottom 
The latter type of aeration is suggested 


reduces bottom 


for the normal aeration tanks. 

Two unearned advantages of the 
dual aeration system are lower power 
requirements and reduced air cleaning 
needs. The power required for aera 
tion is directly proportional to the dis 
charge pressure of the blower, Reduce 
ing the submergence of a portion of 
the air lowers the horsepower require- 
Two air systems, one for the 
diffused air and distrib 
uted air, are required for this opera 
tion 


ments 


one for the 


In addition to the lower power 
requirement, there is no need whatever 
for filtering the distributed air 

The 
were conducted in one battery of aera- 
units of 195,000 cu. ft. capacity 
The first series of tests extended over 


experiments described above 


tion 


a period of 110 days during the winter 


months, when the over-all efficiency 
of treatment required by the Illinois 
State Sanitary Water 
per 


ducted to 


sSoard was 


cent The experiment was con- 


maximum 
loading that could be applied to the 


determine the 


battery equipped with distributed air 
The following tabulation indicates the 


results obtained in these experiments 


Period 

Number of days 

Aeration tank loading applied 
Lb. B.O.D_/1,000 en, ft. day 

Aeration period (hr 

Diffused air (mil. cu. ft./day 

Distributed air (mil, eu. ft./day 

Tota r (eu. ft. /Tb., applied 

Total air (« 
B.0O.D.)* 

B.0.D. remo 


Oop 


i, ft applied 


al, entire plant (%) 


* Corrected for submergence 
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Discussion of Results 


During period A, two of the three 
aeration bays in the experimental bat 
tery were equipped with parallel flow 
distributed air and with 
flow distributed air; in all 
tributors located at 9-ft. sub 
mergence, with normal diffusers at 
15-ft. depth. The air applied to the 
diffusers was held at a minimum and 
the distributed air 


one counter 
units dis 


were 


maintained at a 
rate considered rather high. The flow 
through the tank was gradually in- 
creased to a proper level and data on 
the operation was obtained 
Unfortunately it was not possible to 
settle separately the effluent of this bat 
tery of aeration units in the final set 
tling tanks of the treatment plant. It 
was observed, however, that those final 
settling tanks to which effluent of the 
experimental battery discharged 
were superior in appearance to those 
the 


was 


tanks receiving remaining flow 
only 

and © 
flow 


submergence 


Periods B data 


air at 


represent 


using counter distributed 


An inspection of the data discloses 
that very short aeration periods and 
extremely high loadings may be em 


ployed with good total air economy 
The aeration period is computed as an 
average displacement time for sewage 
The value ‘‘total 


submergence is a 


plus return sludge 
air corrected for 
new expression introduced to demon 
strate the advantage of reduced power 
with 
lower submergence 


requirements part of the air at 
A power require 
ment is not strictly proportional to the 
submergence, since head loss in piping 
diffusers and distributors must be con 
sidered. The value does indicate, how 
ever, the order of saving in power costs 
that can be attained by using the com 
bined process of sludge index control 
and dual aeration with diffused 
distributed air 


and 


observation 
in these experiments, the reduced 
submergence of the distributed air did 


Significant also is the 


that 


A 

( 

110 10 

91.4 | 135.4) 170.4 a 
2.21 1.61 1.44 
24 60 65 ‘ 

73 ‘4 8.5 

| 546 431 451 

| 401 204 282 
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not increase the air requirement (con 
trary to what is generally thought to 
he the CHS 
of this 


The over-all air efficiency 


yrocess indicates air require 
| 


ments lower than usual 
The 


110 and 61 days in length, are indica 


periods A and B, respectively 


tive of purification results that can be 
attained this Period CC 
of only 10-days’ is presented 


with process 
duration 
merely to suggest the potentialities of 
the process. During the 10 days, 90 
of the total flow 


was passed through this battery of aer 


per cent raw sewage 


ation units. The hydraulic limitations 
of ‘sluice gates and piping prevented 
extended operation under the test con 
It is intended that thes 
will be that 


will be continued; after a 


the 
sub 


ditions 
tations removed, and 
study 
tantial per iod of operation, the results 


W ill be 


A comparison of the above data with 


re ports ad 


design factors in common use results in 


the following observations 


1. Using the dual 
aeration tank loading, in terms of 
pounds of applied B.O.D. per 1,000 cu 
ft per day may be 
thre 


aeration system 


increased at least 
times more than that of 
value (33 Ib 


two to 
the normal design 


L000 en. ft 


per 
per day) 


2. An aeration period of one-third 


that normally considered necessary is 


possibl 


4. Aeration facilities installed on a 


unit volume basis must be consider 


ably inereased above those normally 


prov ided 


Additional Process Characteristics 


One of the disadvantages in opera 
tion of the 
sludge process 


the 


conventional activated 
is the low concentration 
the 


activated 


sludge wasted to 
100 


wasted to primary 


of solids in 
digesters If 
sludge Is settling 
tanks, the sludge pumped from these 
contain about 3 per cent 
solids. If the S.V.1. is 200, the 


tank sludge will be 


tanks will 
total 


primary reduced 
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solids concentration to about 
During 1954 
average of total solids from the Peoria 


in total 
» 


per cent the annual 


primary settling tanks was 5.1 


This high 
reduces the volume of sludge pumped 
reduces the digester heat 
ing requirements and appreciably af- 
fects the 
for final disposal 

The 


problem 


per 


cent solids concentration 


to digesters 
volume of sludge discharged 


digester liquor 


eliminated by 


supernatant 
is completely 
adding the total volume of liquor to 
the nitrifying aeration tank 


With S.V.I 


there is an increased ability to main- 


low activated sludge 
tain high suspended solids in the aera 


tion tanks; this condition appears de- 


sirable in solving the frothing problem. 


Summary 


Data are presented in this paper to 
This 


sludge 


evaluate a dual aeration system. 
the 


process as practiced at Peoria has the 


modification of activated 


following characteristics 


1. Ability to control the activated 
B.V.1., the 
index at a 


2. Ability to treat industrial wastes 


sludge and to maintain 


low value 


in shock loads 

3. Ability of the activated sludge to 
regain its clarifying properties imme 
diately after shock loads have been 
received 

4. Ability to ‘bulking’’ fol 
lowing application of shock loads. 

5 Ability to 


pended 


resist 


high 
concentration in 


maintain SUS 


solids the 
aeration tanks 

6 Ability to produce higher concen- 
trations of suspended solids in waste 
activated sludge, primary settling tank 
sludge and waste digested sludge. 

7. Ability to maintain a high degree 
the sludge, 


thus simplifying plant operation 


of stability in activated 


The 


lating 


experimental data presented re 
to the dual aeration system in- 


dicate that 


: 
“ 
Ree 
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1. Dual aeration, diffused air in com- - Turbulence produced increases 
bination with properly applied dis- the oxygen absorption from dif- 
tributed air, is an efficient means of fused air and also from the liquid 
aeration. surface, 

2. Dual aeration, combined with 
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A LABORATORY EVALUATION OF 


HIGH-RATE 


SLUDGE DIGESTION * 


By C. N. Sawyer 


try and Re 


Institute 


of Sanitary Chem 


Va 


achusett 


The 


capacity 


the 


sluda: 


ibility of increasing 


po 


se wae 


lige tion units has been under labo 
and full seale plant 
the nited 
rom reports pub 
that full 
cal have been opel 
ated the 1] 
to 14 day detention periods at volatil 
olids 18 
Ib On 


basis of laboratory and pilot scale in 


rator’ pilot in 


Vi States for a 


tigation in 
number of 


a 


Years 


to date, it Is apparent 


digestion units 


atistactorily in range ol 


loadings ranging from to 


per cubte foot per day the 
vestigations 
full-scale 
day ~ 


up to 0 50 Ib 


it appears poss ble 
at det 
or less with 


erate units ‘ntion 


riods of five volatil 


solids loadings per cubic 


root pel diay 


High-Rate Digestion Experience 


Morgan 
tudiu 


has ported on pilot 


scale of one year’s duration in 


Which satisfactory digester operation 


load 


ings of 5 to 7 times those normally used 


was Obtained with volatile solids 


and with detention periods low as 
7 Blodgett 


(i to & days 


as 


has Ope 


ated a plant seale digester at loading 


rate about four times conventional 


Torpey has demonstrated 
tank to 
at the 


the ability of digestion 
handle all 


Bowery Bay plant 


one 
produced 
the 


Previously 


when is 
properly thickened 
difficulty had 


plant when using four tanks 


been encountered at the 


Volatile 


Meet 
inl Wa 


ind 


AND H. K. Roy 


fant in Sanit Engineering, Respectively, 


Vass 


ary 


solids loadings ranged up to five times 
the 


was as low as 11 days 


conventional, and detention time 


In subsequent 
studies, involving feeding 


scale 


pilot 
Torpey has 


of 


maintained 


at two hour intervals, 
degre 


be 


volatile solids loadings about 


demonstrated a high oper- 


at 


12 times 


ating stability may 


conventional, using a detention period 
slightly under four days 

Schmidt (5 successful in 
at 11 
of 
trouble 


Was Op 


erating laboratory units days 


detention over wide solids 


but 
leat 


a range 


loadings encountered at 


an 8-day ention period when feed 
ing a sludge having two per cent solids 
6) has reported that primary 
at the 
handled volatile solids loadings of 0.25 


(larber 


digesters Hyperion plant have 


lb. per cubic foot per day at detention 
periods ranging from 12 to 14 days 
Summary of Critical Requirements 


of high-rate 
digestion units at maxi 


Successful operation 


sewage sludge 
mum loading appears to depend upon 
three 


critical requirements 


Some form of continuous mixing, 
to keep the entire contents of the 
tank ‘mixed 
‘condition to prevent sepa 


‘ 


digestion 


In a 

liquor 

ration of solids in a scum layer 

Feeding a sludge as concentrated 
as possible 


4. Feeding on a basis as nearly con 


tinuous as possible 


The of these 


absolutely essential; normally it allows 


first requirements 1s 


increasing the loading by a factor of 


ol 


5 or 6. Concentration the sludge 
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allows increased loading in direct pro 
portion to the thickening accomplished 
No quantitative information exists on 
the benefits of continuous feeding ver 
sus twice daily feeding but, undoubt 
edly, its benefit increases as the deten- 
tion period decreases. Laboratory in- 
vestigations indicate a 6-day detention 
period to be about the minimum for 
twice daily feedings 

At this time the ability of sludge 
digestion units equipped with ade 
quate mixing facilities to operate at 
loading rates 4 to 7 times conventional 
appears to be amply demonstrated. 
Since the digestion of sewage sludge 
is a subject of many facets, it becomes 
important that answers be obtained 
to questions which will occur to de- 
signing engineers and publie health 
officials. A few of these questions are 


1. Quality and character of sludge 
produced 
a. Volatile content 
b. Grease content 
Fertilizing values 


2. Gas production 
a. Quantity 
b. Fuel value 


4. Survival of pathogenic organisms 


It was the purpose of this research 
to operate a series of digestion units in 
parallel, in order to provide answers to 
soTne of these questions Studies on 
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FIGURE 1.—Schematic layout of labora- 
tory sludge digestion unit. 


the survival of pathogenic organisms 
are incomplete, and are not presented 
at this time 


Method of Study 


Five digestion units were operated 
in parallel, all being fed from the same 
supply of sludge. Each digester had 
an operating capacity of 6 L, and 
sludge was fed twice daily at approxi 
mately 12-hr. intervals to give theo 
retical detention periods of 6, 8, 10, 15 
and 20 days. It had been planned to 
operate one digestion unit on a 5-day 
detention time; attempts to do so were 
unsuccessful on the twice daily feeding 


FIGURE 2.—Gas meters and gas recirculation pumps. 


FEEDING 
FUNNEL 
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GAS PECIRCULATION 
| 
we Tew 
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TABLE I. 


M il 
Mar 
Apr 
Apr 
May 
Average 


chedule 


gradually 


loadinys 
Each 


unit was equipped with a small dia 


though 


increased 


even 


were 
digestion 
recirculation 


phragm compressor for 


of gas to provide internal mixing. Gas 


volume urements made by 
test Figure 1 


is a schematic drawing of the digestion 


meu were 


means Of wet meters 


assemblies, and Figure 2 shows the wet 
test 


pumps which were mounted outside of 


meters and gas recirculation 
the room housing the digesters 
Temperature of the digester oper 


ating was maintained between 
33° and 40° C 
liquor 


to be 


room 
An amount of mixed 
equal to the volume of sludge 
fed, 
digester 


from each 
feeding All 
conducted in accordanc 
Methods (7) 

used in 
intervals of 12 to 
from the Nut Island 
Plant, Boston, Mass 


was comminuted by 


was withdrawn 


just prior to 
analy were 
with Standard 

Sludge the studies was ob 
tained at 18 days 

Treat 
The sludge 


passing through 


Sewage 


ment 


a household type garbage grinder to 
facilitate The 
supply of sludge was stored at 4° © 


feeding operations 
digesters, it 
to about 85 


obtained on 


before feeding to Was 


warmed Sludge was 
five occasions during the 
77-day period covered by the investi 
vations being reported 

The 


fed is 


composition of the sludges as 
Table | A 


in composition was encoun 


given in consider 
able rage 
tered but 


ated by the digesters even at the 6-day 


these variations were toler 
detention pe riod 
The loadings applied to the digestion 


units, shown in Table Il, ranged from 
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Composition of Raw Sludge 


(irease 


11.85 
16.25 
16.80 
14.10 
13.40 
14.50 


about two times conventional in the 


20-day digester to about seven times 


in the 6-day digester. Because of lim 
ited space it was not feasible to operate 
unit in the 
loading range of about 0.05 Ib. of vola 


a digestion conventional 
tile solids per cubie foot per day, using 
a detention period of 40 days 

All digestion units were started by 
sludge 
total 
Feedings were started on a 20-day de 


using a digested sewage con 


taining four per cent solids. 


tention basis and gradually increased 
at weekly intervals until all units were 
operating at the desired detention pe 
riod. After the 6-day digester had op 
erated at its proper detention period 
for one week, routine analyses and ob 


servations were started 


Experimental Results 


Composition of Digested Sludge 
The 


stion units 


from the 
were analyzed for total 


withdrawn 


sludges 


and volatile solids, volatile acids, alka 


TABLE II.—-Loadings on Digestion Units 
(Lb./cu. ft./day—75-Day Period) 


ester Detention Period, Days 


Vol. Sol 
Max 
Min 
Av 


—— 
j 

or 

7 

Total Volatile Volatile 

: 

5.20 69.3 5.55 1175 840) 

3.52 75.0 5.80 1225 1040 

1.00 78.0 5.65 1085 1050 

5.40 68.0 5.90 1200 1000 

3.10 82.0 5.70 130 170 
1.42 74.5 1040 980 

De 

4 

: 

Iter - 
6 8 10 15 20 

Tot. Sol 

M ax ob 42 34 22 7 

oe Min 32 24 19 13 10 

Soe Ay 17 35 28 19 | .14 

38 24 23 15 

26 19 16 10 

35 | .26 | 21 | 14 | .10 
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TABLE III.Composition of Withdrawn Digested Sludge’ 


Digester Detention Period, Days 


Determination 


Total solids (©) 3.15 3.05 2.00 2.92 2.77 
Volatile solids 48.3 57.8 55.6 5b 
Vol. acids (p.p.m.) 270 140 110 110 110 
Alk. (p.p.m.) 2540 2640 2720 2020 2030 
pH 7.0 7.05 7.15 7.30 745 
Ammonia-N (p.p.m.) 100 418 134 464 465 


Crease 0.50 


' Based on a 75-day period; average of 11 samples 


linity, pH, ammonia nitrogen and detention times is shown in Table IV 
vrease content A total of 11 samples and Figure 3 Destruction of volatile 
were collected at weekly intervals. matter ranged from 52.2 per cent at 
The results obtained have been aver the 6-day detention period to 58.2 per 
aged and are shown in Table III cent at the 20-day detention period 

These data show that the concentra- The destruction was 89.6 per cent as 
tion of total solids, volatile solids and complete in the 6-day as in the 20-day 
grease content of the digested sludge digester. <A similar reduction in gas 
increased quite materially as the de- yield would be expected. Grease de 
tention period decreased. Volatile struction varied from 53.0 per cent in 
acids were somewhat higher in the the 6-day digester to 71.4 per cent in 
sludge from the 6-day digester, but the 20-day digester, indicating a seri 
not abnormally so. The alkalinity, pH ous decrease with decreased detention 
and ammonia nitrogen all decreased time. On the other hand, protein de 
with decreasing detention time, indi- struction (as indicated from ammonia 


cating a significant reduction in the nitrogen data) was 86 per cent as great 
degradation of protein matter (the in the 6-day digester as in the 20-day 
principal source of ammonia nitrogen unit, paralleling quite closely the over 
and major source of alkalinity). all volatile solids reduction. 


Destruction of Organic Matter Composition of Sludge Gas 


The degree of destruction of organic The quality of the gas produced dur 
matter during digestion at the various ing sludge digestion is of particular in 


TABLE IV.— Destruction of Organic Matter’ 


Digester Detention Period, Daye 


Volatile Matter 


Per cent 42.2 53.5 55.8 57.2 58.2 
Per cent of 20-day ROG O58 

(irease 
Per cent 53.0 57.8 2.58 67.1 71.4 
Per cent of 20-day 74.2 80.8 87.4 04.0 


Indicated Protein 
Destruction’ (©), of 20-day) 


' Based on a 75-day period 
* Based on ammonia-N content of digested sludges 


| 10 15 20 a 
> 
8.05 7.15 6.65 
| 

i. 
4 
Mad 
Iter j j j 
10 15 20 4 
| | 
86.0 80.8 93.2 9.7 
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GREASE 


DETENTION TIME - DAYS 


FIGURE 3.—Destruction of organic 
matter by digestion. 


terest when the vas 1s used for 
The data obtained in 
Table V 


to gradually 


power 
purposes these 


tudies show the carbon 


dioxide content increase 
and the 
as the 


There wa 


methane content to decrease 


digestion time 1s decreased 
no significant effeet on th 
hvdrogen content of the 


vus 


Gas Production 


The operation of five digestion units 
while 
supply of 


in parallel feeding all from thi 


sane ludge, provided an 


excellent opportunity to gain informa 
yield in relation to the de 
tention period in the digester. These 
presented in Table VI, show that 
18.6 |. of ga 

of sludge fed 
and 20.5 | 
fed 

Thus, 91.5 pet 


tion on va 


data 
were produced per liter 
to the 6-day divester. 
each liter of 


20-day 


from 
the 


eent as 


digester 


much Wiis 


(ras 


produced from the 6-day as from the 


TABLE VI. 


Liters /d 
Liter 
(art 
Methane | 


Per cent of 20-day 


on dioxiue 


(1./l. sludge) 
lucdge) 


Based on a 77-day period 
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TABLE V.—Composition of Sludge Gas 


Detention Per 
Day 


Digester 


Carbon dioxide 37.0), 37.0, 35.5 
Methane 56.8) 57.6 


Hydrogen 2 2.9| 2.8 2.6 


sused on a 


30-cda\ period ; 


imples 


Hlowever, it has 


Table V that 


position of the gas varied considerably 


0-day digestion unit 


been shown in the com 
Therefore, the yields of carbon dioxide 


and methane were calculated 
rately It 


of carbon 


sepa 
noted that the yield 


was essent ially 


will be 
dioxide unit 


form from all digestion units and the 


real sacrifice in gas production was 1 


terms of methane. The 6-day digester 
vielded 88.8 per cent as mi hi per unit 
of sludge fed as did the 


It is the usual practice to relate gas 


20-day unit 


produetion to volatil solids charged 


units or to volatile 
This 
in Tabl 


pound of 


to the digestion 
solids 
heen 


Vie ld 


charged to 


destroyed practice has 


Vil 


volatile 


followed The vas 


per solids 


digestion units varied 


‘u. Tt 


the 
Increased 
The 
gas yield per pound of volatile matter 
17.1 
Both sets of values correspond 


ected in 


and 


creased detention time 


destroyed varied from 16.5 to 


Tt 
closely with actual 


those e 


practice 


Gas Production Versus Detention Time 


je 
| 
| 
= 
"| 
8 10 15 20 

‘7 3 
5 0 5 20 
7 

1 

: 

eee Digester Detention Period, Da 

aed Total yield (1.) 1430 1109 83 616 170 

18.6 144 11.6 6.1 

18.6 19.2 19.4 20.0 20.3 

oe 7.05 7.10 7.18 7.10 7.07 
Ate 10.3 10.9 11.0 11.5 11.6 
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TABLE VIL. Gas Production Versus Solids 


Cras yield (eu, ft.) 

Vol. solids fed (b.) 

Gras (cu. ft./Ib. vol.) 

Vol. solids destroved (lb.) 

Gas (cu. ft./lb. vol. destroyed) 


Based on a 77-day period. 


Fertilizing Value of Digested Sludges 


In many localities digested sludge is 


disposed of by sale to fertilizer pro 


ducers. Consequently, the fertilizing 
value of the sludge is of real concern 
Normally, the sludge is sold on a guar- 
anteed nitrogen and phosphorus con- 
tent. Grease content may also be a 
consideration 

Sludge samples were collected from 
each of the digestion units just prior 
to changing to a new supply of raw 
sludge. After filtration and drying, 
the samples were prepared for analy 
sis and the nitrogen and phosphorus 
content was determined. The values 
are given in Table VIII, as are the 
values for grease content which was 
determined on the weekly routine 
samples, It will be noted that the ni- 
trogen and phosphorus content of the 
sludges remained remarkably uniform 
at all digestion times—except for the 
sludge from the 6-day digester, which 
showed a significant decline in nitro 
gen and phosphorus content 

Perhaps the most important infor 


Digester Detention Period, Days 


mation shown in Table VIIL concerns 
the content of grease. <A. significant 
increase occurred in the grease content 
of the sludge from each digester as the 
detention period was decreased, with 
9.5 per cent grease in the sludge from 
the 6-day digester or nearly 50) per 
cent more grease than in the 20-day 


sludge 


Discussion of Results 


It should be pointed out that the 
results obtained in these laboratory 
studies probably are somewhat more 
favorable than would be expected in 
plant practice. The principal reason 
for this condition is that the laboratory 
digesters were not fed on a strict dis 
placement basis (wherein part of the 
freshly added sewave solids would 
have been included with the sludge 
displaced during feeding 

By the techniques used in’ these 
studies, all solids added to the diges 
tion units were subjected to at least 
12 hr. of anaerobie contact before 
having an opportunity to eseape from 


TABLE VIII. Fertilizing Values of Digested Sludge 


Positive 
Nitrogen, as NH, (©) 
Phosphorus, PA (‘ 
Negative 
Crease 0.50 


' Based on a T5-day period ; average of four samples 


af 
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ies 
Iten 
10 1S 20 
oF 
5.6 30.1 31.5 21.8 16.6 
5.70 1.27 3.42 2.28 1.71 
8.00 O15 9 29 0.56 0.72 
2.08 2.20 1.91 1,30 1.00 
17.0 17.1 16.5 16.8 16.6 a 
| 
Digester Detention Period, Das 
ltern 
6 10 is 20 
3.03 3.02 3.07 3.07 7 
2.04 2.07 2.04 2.10 
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the digester Morgan (8) has shown 
that a considerable proportion of th 
total potential gas from sewage sludge 

first 12 hr 


results ob 


during the 
Thus, the 
tained are probably mors 
tive of those that 
where operational procedures are con 
trolled to limit losses of freshly added 
olids DY short 
High-rate 
units can be expected to operate either 
using hight 
thickened 


venerated 
after feeding 
represe lita 


would be obtained 


circuiting 


sludve digestion 


sewaye 

dewatered sludge 
sludges as proposed 
Torpey (3), or using regular sludges 
with post dewatering as propose d by 
There definite ad 


to each method, and undoubt 


Morgan (+ are 
Vantlages 
edly the manner of ultimate sludg: 
disposal will determine to a consider 
the method selected. Feed 


ing of thickened sludges allows greater 


able ures 


organic loadings or longer detention 
per iods, whichever seems best engineer 
Up to the present time, 
that 


be applied to a 


ng practice 


it does not appear OXCeRSIVE OT 


ganic loadings can 
still 


sonable detention periods 


maintaining 
The 
appears to be related to 
thicken 


sludge 


digester while rea 


limit 
ing factor 


present inability to sludge 


adequately, o1 which is 


highly 
Dewatering of sewage sludges prior 


pump 
concentrated 


to digestion has one disadvantags 


that all the non-volatile biochemi 


4 
PER CENT SOLIDS IN FTO 
FIGURE 4.—Alkalinity in relation to solids 
concentration and detention time. 


AND INDUSTRIAL 
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° 


SOLIOS LOADING 


4 
PER CENT SOLIOS IN FEED 
FIGURE 5.—Solids loading as a func- 


tion of solids in the feed sludge and the 
detention period. 


products of decomposition remain in 


the digested sludge mass. The princi 
pal item of concern is the content of 
ammonium and other salts which may 
be represented by alkalinity. Figure 
the by Sehmidt 
shows the alkalinity of digested sludge 
will proportion to 
the solids content of the sludge fed to 
filtration of 
is practiced, this item 


1, from report (5), 


increase in direct 


a digester If vacuum 
digested sludge 
alone can make elutriation mandatory 
and, undoubtedly, somewhat 
difficult. 

In view of 
at the 
high-rate 


more 


information which exists 
that 
oper 


present time, it appears 
digestion units can be 
10-day 


significant 


ated safely using a detention 


period, without sacrifice 


of gas production or degradation of 
The 
which may be applied will be a direct 
the solids the 
fed to the shown in 
By using a 10-day deten 


sludge quality solids loadings 


funetion of content of 
sludge unit as 
Figure 5 
tion period and by feeding an 8 per 
cent sludge, the total and volatile solids 
loadings will approximate 0.5 and 0.35 


lb. per cubic foot per day, approxi 


a8 
2 
Es. 
= 
: 
| 
J 
| 
» 
2 
OF : 
4 
4000} 
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mately 7 times the conventional rate 
of feed. 

The importance of adequate mixing 
to maintain a mixed liquor condition 
is to be The principal 
reason is to maintain the fresh solids 
ii intimate contact with active biologi- 
cal forms, and in a proper environment 


emphasized, 


for normal decomposition at all times. 
This simply means that segregation of 
solids in a scum layer cannot be toler- 
ated if maximum digester efficiency is 
to be obtained As solids loadings are 
increased or detention periods are de- 
creased, the tendency for scum forma- 
tion increases. This tendency is can- 
celled in by the more 
rapid evolution of gas which occurs 
under such conditions, but gas evolu- 
tion cannot be depended upon to con- 
Supplemen- 
tary mixing is mandatory and must be 
continuous 


some degree 


trol the seum problem. 


Heavy scum formations 
will occur in a matter of a few hours 
if mixing is interrupted. 


Summary 


of laboratory 
sludge digestion units were operated 


series sewage 


successfully for a period of 77 days 
10, 15 and 
The digesters were fed twice 


at detention times of 6, &, 
20 day 
daily and the contents were mixed con- 
Vol- 
atile solids loadings were greatest 
the 6-day 


tinuously by recirculation of gas. 
in 
digester, and ranged from 
0.26 to 0.38 lb. per cubie foot per day 
2. Volatile matter destruction varied 
52.2 per cent in the 6-day di- 
vester to 58.2 per cent in the 20-day 


digester, 


from 


while grease destruction was 
53.0 and 71.4 per cent, respectively. 

3. Gas yield decreased in proportion 
The 


decrease was practically all related to 


to the volatile matter destroyed. 


methane; yield from the 6-day digester 
was 88.8 per cent of that from the 20 
day unit 

4. Gas yield per pound of volatile 
solids destroyed varied from 16.5 to 
17.1 cu. ft., with no definite relation- 


ship to detention time. 
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5. Ammonia nitrogen determinations 
on the digested sludge indicated that 
protein degradation in the 6-day di- 
gester was 86 per cent of that in the 
20-day unit. 

6. The nitrogen and phosphorus con 
tent of all digested sludges was quite 
uniform, except in the digested sludge 
from the 6-day unit where it was no 
ticeably lower 
7. The grease content of the digested 
sludge increased significantly as the 
digestion time decreased, ranging from 
6.65 per cent in sludge from the 20-day 
digester to 9.50 per cent in sludge from 
the 6-day unit 
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Industrial Wastes 


FULL-SCALE MODIFIED DIGESTION OF MEAT 
PACKING WASTES * 


Sanitary Engineer, Research and Technica 
The first full-scale 
facility to treat meat processing waste 
will be at Albert Lea 
Minn Wilson & Co. This waste 
treatment plant incorporates a number 
of based 


ith a con 


modified digestion 


‘onstructed 
lol 
new fei Its design 1s 
the 
ducted on a pilot-scale plant at Austin 
Minn Geo. A. Hormel & Co 
the cooperation of the American 
Institute 


tures 


large part on studies 


with 
Meat 


by 


Research 


The the 
digestion of meat packing wastes wer 
1948 on a 
Minn, (1 
had 
treatment of sewage sludg 

high B.O.D 
wastes from fermentation 

In the 
found that packing plant wastes rang 
ROO to BOD 


by 


first studies on anaerobi 
barrel-seal 
Until then 


been 


undertaken in 


basis at Austin 


anaerobic digestion limited 


to the and 


certain Wastes, particu 


arly indus 


tries earlier studies, it was 


ing trom p.p.m 
essfully treated 
digestion The 
that the relatively high temperature 

to 
solids 


were 


could be su ana 


erobic research showed 
of packing plant wastes (5 
the high 
to 3.000 


RD I: and volatile 


content p.p.m 


distinet advantages in the anaerobi 


process 
A lara scale 
cu, Tt 


pilot plant with a 940 
1951 A 


Was 


digester was built in 


barrel digestion 


also 


plant 
at 1955 Annual Meeting, Cer 
Industrial W 

June 22-24, 19 


ind 


er, Minn 


partme ni 


STEFFED 


Chicago, Ill 


operated at the 
Albert Lea 


under local conditions 


Wilson & Co. plant at 
Minn. to study the process 
Digestion was 
successful 
tered ¢larification 
effluent This 


to the activated sludge process in that 


but difficulties were encoun 
ol 


process is comparable 


in the digester 


the floc, which is made up of organisms 


and entrained and agglomerated or 
vanic material, must be se parated from 

to obtain 
but 


process 


the process liquor not only 
a suitably treated effluent 

floc to the 
the gases entrained 


extreme 


also to 
return seed 
the 
set 
the 
flor settled successfully, sometimes it 


as 
llowever, in 
flow 


tling 


caused Variations 


performance Sometimes 
floated and sometimes it merely moved 
up and down in the liquor, depending 
on the loading on the process, volatile 
acid concentration, solids concentra 
tion and a number of other factors 
In 1952. the Committee on Meat 
Packing Plant Waste Disposal of the 
American Meat Institute 
this method of 
engaved 


the 


became in 
treat 


research engimeers 


terested in waste 


ment and 


to evaluate and 


process 


The 


separation 


suyvest 


further research possibilities of 
cle 
investigated (2 
20-in 


a 


improving sludge by 


vasification were 


Vacuum devgasification at about 
of vacuum proved suecessful 


baftl CaM ack 


vated 


arrangement in an ele 

degasifier 
Further studies 

mixing in the digester 


in terms of B.O.D 


the 


loadings 


made 
the 


volatile solids. 


were on 


and 
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EL O80 rf Fast LJ 


ol 


SLUOGE TRICKLING FILTER 
SEPARATORS 


FINAL SETTLING TANK 
6 CHLORINE CONTACT 


Plant 
vent 
Tews & #40 1 


FIGURE 1.—Hydraulic profile of the meat processing waste treatment plant for 
Wilson & Co., Inc., at Albert Lea, Minn. 


the treatment of packing plant wastes 
in lower B.O.D. ranges, the effect of 
temperature variation and on other 
variables which can influence the proe- 
cess. It was shown that typical pack 
ing plant wastes can be successfully 
treated after a 12-hr. digestion period, 
with loadings of 0.22 Ib. of B.O.D. per 
cubic foot of digester capacity per day 
and a digestion temperature of 95° F 
Removals of B.O.D. were 95 per cent 
and suspended solids removals were 
47 per cent Good mixing in the di 
vester and high solids concentration 
in the mixed liquor were essential 


features of the process. 


Design Approach 


Evaluation of this process for full 
revealed that an 
anaerobic digestion plant for treating 


scale development 


packing plant wastes can be built for 
approximately two-thirds the cost of 
a conventional two-stage trickling fil 
ter plant. Operating costs are slightly 
higher than for a trickling filter plant 
because of power requirements In mix 
ing and degasification. Some auxiliary 
fuel is also necessary when the total 
volatile solids content in the waste 1s 
too low to yield the was required 


for digester heat or when the tempera- 


ture of the incoming waste is lower 
than normal 

Analytical data on the wastes from 
the packing plant at Albert Lea have 
been collected over a period of several 
years and daily flow and temperature 
records have been collected continu 
ously during the past year. These 
data have been evaluated to obtain the 
basis for the design 

Figure 1 shows the hydraulic pro 
file of the proposed plant to be built 
by Wilson & Co 


drawn im the devasifiers results in a 


The 20 in, of vacuum 


relatively steep hydraulic gradient 
Table | gives the unit loadings on 
which the design was based 
As the design progressed the usual 
translating 


difficulties in pilot-seale 


TABLE I. Waste Treatment Plant Design 
Criteria, Wilson & Co., Inc., 
Albert Lea, Minn. 


(nit Ih n Ba 

Tank 100 per cent equalization per 
cent of total flov 

Heaters (2 Maintain digesters at 

Digesters (2 0.15 Ib. ft. day 
out olatile solid i. ft./day 

Dega t Ren ¢ all of the methane and most 
of the OO Design for 20-00 

Meparat 2 1-1 to 4:1 sludge return at 600 
{t., surface rate 

Trickling Filt« lauding 
2 600 Ib. /aere ft 

Final Clarifier 2 BOO gal. /aq. ft./day 
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results into full-seale 


neountered It 


practice were 
became 


should be 


pro. ide an 


soon evident 


the plant built in two 


fave te opportunity TO 
full-seale 


stage of con 


make operating tests on 


The first 


ill be essentially 


equipment 
one-halt 
plant as shown in Figure 
we construction is quite 

because it per 
tigation of a new proce 
unit of the 
with the 


the entire plant In 


cale single 


proc before proceeding 


eonstruction§ of 
municipal practice stage 


eonstruction 


Is rare principally because municipal 


financing does not lend itself to this 


type of procedure 


Flow Equalization 


The pilot cale 
this 


that 


will operate successfully 


studies indicate 


proce 


/ 
\ 


( EQUALIZER } 


sLUDGE 
NO 


ATOR 


TRICKLING 
FILTER 


COMPLETE PLANT 
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How 


seems nec 


with some fluctuations in flow 


ever, equalization of flow 
essary for 


design. 
an equalizing tank provid 


conservative 
cordingly, 
ing for 100 per cent flow equalization 
To deter 
of equalization 
quired it is planned to omit the equal 
tank in the first both 
will be built, one di 
gester as an equalizing tank during 


is ineluded in the design 


mine the degree 
izing stage but 
digesters using 
the test period 


Temperature 


Designing to maintain 95° F. in 
the digesters presented some problems. 
After many alternatives were studied, 
decided to heat 
by pumping the incoming raw waste 
heat 
Piping also is provided to divert re- 


it was the digesters 


through external exchangers 


turn sludge through the heaters dur- 


PROPERTY Line 


/ 
( piGesteR | DIGESTER 
WO \ NO 2 


A 


MAIN 
/ SLUDGE CONTROL 
SEPARATOR 


~ 


FIRST STAGE 


FIGURE 2.—Unit diagram showing the stage planning of the Wilson & Co., 
waste treatment plant 
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The heaters 
digester 


ing periods of low flows. 
are burn 


gas, or oil 


equipped to 
natural 


was, 
Provisions are 
made in the second stage of the con- 
struction for the storage of digester 
Evaluation of in- 
studies on the 
facilities will improve the 
concerning gas fluctuations 


gas under pressure. 
formation 
first 


knowledge 


obtained in 


stage 


so that gas storage requirements can 
be determined more definitely. 


Digester Mixing 


It is common knowledge that mixing 
improves digestion and the pilot studies 
further emphasized the importance of 
adequate mixing in this process. In 
the pilot-scale studies mixing is accom- 
plished by recirculating the digester 
from the bottom of the di- 
gester to a splash plate above the liquid 
surface of the digester at a rate of 
about 40 to 50 turnovers per day. 
Since this type of mixing is not fea 


contents 


sible on a large seale, possibilities of 
mechanical and mixing 
were studied, Experimental informa 
tion on mixing could not be directly 
translated to the full-scale plant be 
cause the pilot-scale digester is not a 
prototype of the digesters in this de- 


sign 


stirring gas 


Hlowever, subsidence character- 


istics of the floe were studied.* These 
studies were followed by studies of tur 
bine mixing on a prototype unit to 


demonstrate the feasibility of turbine 


mixing Gas mixing has also been 


studied at Austin. An 
will be 


open turbine 
installed in the first- 
stage plant, although gas mixing can 
be installed later. 


mixer 


Degasifiers 
This is believed to be the first waste 
treatment plant ineorporating degasi- 
The de 


was based on the 


fiers in the treatment process. 


sign of these units 
feed-water deaerators commonly used 
The de- 


vertical 
Meat 


in steam generating plants 


wasifiers will consist of two 


* Sponsored by the American Insti 


tute, University of Minnesota. 
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steel tanks, each 11 ft. in diameter and 
9 ft. deep. The effluent from each di 
gester will be pulled into the particu- 
lar degasifier 20-in. vaeuum 
produced by vacuum pumps installed 
in the building. The liquor 
will splash down on a series of slats 


under a 
eont rol 


to aid release of the gases which will 
be exhausted from the top of the de- 
The de 


vasifiers will be insulated and mounted 


vasifier by the vacuum pumps 
on supports over the digesters 


Separation of Solids 


The return 
from the digester effluent 
esting problem 


separation of sludge 
inter 
The sludge Is excep 
tionally light and does not respond to 


is an 


the plowing action ef customary sludge 
sludge 
volumes are involved since the sludge 


scraper mechanisms Large 
concentration is four to six times that 
of a typical activated sludge, In the 


pilot studies separation was achieved 


with equipment that removed the 
sludge through suction nozzles which 
moved slowly along the tank floor 
The separators will also be of this 
type and will consist of dumbbell 


shaped tanks each equipped with two 
cireular 
Sludge 


removal mechanisms 
will from 
one to three times the equalized raw 
flow 


is normal 


sludge 
return rates range 
a much greater return rate than 
This 
high rate, coupled with extremely low 
flows during 
ten-fold 


suction 


for activated sludge 


ends, results in a 
flow through the 
To provide for this 
return sludge rates, a 
will he 


week 
range of 
nozzles 
range of 
pipe 


re 
sludge 


wide 
swinging 


withdraw 


provided to 
from the receiving 
variable This will 
allow full use of the 9-ft. depth of the 
tank for head in 

from the 


sump at rates 
settling 

the flow 
equipment 


regulating 
sludge removal 
If studies during the first 
stage of operation show that the return 
sludge rate can be reduced, it is pos 
sible that telescopic valves will be sub 
stituted for the swinging pipes in the 
subsequent separator construction 
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One of the of the 


concentra 


antayes 
the 
uspended floc that can be car 
ried in the biological part of the 
SS However, these 
which | ] 


preset nt 


ady ana 


high 


proce 


tion 


ol 
pro 
concentrations 
to 1.6 per 


prob 


eent 
olids 


ntation 


range 
uspended 
studies 


lems in Recent 


reveal some two-stag 


al 


gained 


advantages in 


necessful and 


al. If 


first stawe 


settling 
solids 
im the 


lor economu 


remo experience 
of the operation 
ubstantiates these laboratory 
finding \ stave settling can be in 
corporated in the final design 


Disposal of Excess Sludge 


ludge will be concentrated 
concentrating tank and then 
two lagoons 


$70,000 eu. ft 


into with a 
of Pro 
made for returning the 

the la 

Pos 

feed 


he “xX 


liquor or sludge from 
the dig 
sible us of the 


rtilizer 


estion process 


excess sludge for 
or 


supplements will 
plored later 


Final Treatment 

The 
treatment a 
This be 
pass high-rate trickling filter 


design provides for aerobi 


the final treatment step 
accomplished In a single 


followed 


will 
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final clarifiers and chlorination for 
of the effluent Experi 
ments at the pilot plant with a trick 
ling filter 8-ft $.75-ft 
in depth gave B.O.D. removals equal 
to at least the 
expected in treating domestic sewage 
The 


aerobic stage of this plant will be built 


by 
sterilization 


in diameter by 


two-thirds of removal 


after primary sedimentation 


after the initial studies are completed 


Acknowledgments 


from to full 


scale in any process necessitates a close 


Stepping pilot scale 
working relationship between research 
engineers, design engineers and equip 
manutacturers 


ment The completed 


design is a composite resulting from 
the unselfish cooperation of many in 


We to their 
continued help in the studies that lie 


dividuals look forward 


ahead 
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PAPER INDUSTRY REPORTS ON WASTE TREATMENT 
PLANT CONSTRUCTION 


The 


Na 


lmprove 


1954 Annual Report of the 


Couneil for Stream 


ment estimates that the pulp, paper 


and paperboard industry has « 
the 


in neighborhood of S70.000.000 for 


treatment, 


10 


plant eonstruction 


over the past Vears This estimate 


is based recent survey of 
mills by the National Council staff 


oft 


On a 


indicating that 55 per cent the mulls 


in the 


raent facilities 


had installed waste treat 


survey 


Kive ve 


the Na 


Manufacturers on 


ars ago a survey by 
tional Association of 
and waste 
industry showed that 

all mills the 


had waste treatment plants 


water usage treatment in 
per cent of 
nited States 
These 


rate 


papel 
fig 
ol 
treatment plant construction by the pa 


ures indicate accelerated 


an 


per industry 


Excess 
in a small 
lischarg 
cdischarves 
total 
visions wil 
: 
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FUNDAMENTALS OF THE CONTROL AND TREAT- 
MENT OF DAIRY WASTE * 


By H. A. Tresier anp H. G. Harpine 


Respectively, Chemical Engineer, Consultant to Milk Industry Foundation, Washington, Ges 


Ine., 


and Senior Scientist, National Dairy Research Laboratori 


Oakdale, 


The function of the dairy industry 
in the United States is to collect more 
than 120 billion pounds of milk per 
year from nearly four million dairy 
it and distribute the 
milk and dairy products to 160 mil- 


farms, process 
lion ultimate consumers in a sanitary 
with a 
The 
particular difficulties of the industry 
are closely related to the wide distri- 


and 
minimum of spoilage and waste 


and economical manner, 


bution of the raw materials which 
make it necessary to have more than 
30,000 plants, many of them small; 


the perishable nature of the products; 
the wide fluctuation in 
sanitary 


seasonal pro 
high require 
and the great variety of 
Fortunately the trend ts to 
larger plants, more handling of milk 
and fluid dairy products in tank trucks 
instead of 10-gal. 
ful equipment 


duction: the 
ments; 


products 


cans, and less waste 


As with all industries having strong 
organic wastes, rigorous waste saving 
and utilization of by-products are of 
the utmost 
this much 
to reduce stream pollution caused by 
waste than all the dairy 
treatment plants that have been built 
or will be built. It will always be 
waste out of the 
than to put it in 
with 


importance. Progress in 


direction has done more 


dairy waste 


cheaper to keep 


sewer then re 


expensive waste treat 


and 
move it 


ment methods 
* Presented at 1955 Joint Meeting, New 
England Sewage and Industrial Wastes Assn 


and the New York Sewage and Industrial 
Wastes Assn.: Albany, N, \ June 13-14 
1955 


Lona Island, N } 


Waste saving and prevention meth 
in a number 
of papers and in manuals issued by 
various individuals and agencies (4) 
(24) (25) (32). Where dairy plant 
management and operating personnel 
appreciate the desirability of waste 
saving, considerable reduction in floor 
volume 


sulted (28) 


ods have been deseribed 


and strength has re 


(18) (8) 


aste 


Separation of Wastes 


The reduction of the volume and 
strength of floor wastes to a practical 
minimum will reduce the size, installa- 


tion cost and 


operating cost of the 
waste disposal facilities. One impor 
tant step is the elimination of steam 
making hot 
regular hot 
This allows the use of 
shut-off valves at the end of the hose 
1) to 60 
in floor waste vol 


Water mixing tees for 


water and the use of a 


water system 


lines which has resulted in a 
per cent reduction 


ume in small receiving stations 


Separation of strong wastes, wash 


waters, clean cooling waters and sani 


tary wastes (12) is indicated in almost 
except where irrigation. is 
used as the method of treatment. If 
practical, sanitary should be 


discharged to sewers or to a separate 


all CASES 
wastes 


septic tank and drain field 

It is particularly important that the 
sulfuric acid used in butterfat 
should not be dumped into the sewer 


testing 


The acid should be dumped se parately 
in a cinder pile or other suitable loca 
Another that 
causes trouble when discharged to the 


tion special waste 
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sewer is the solution 


bottle 


strong caustic 


from washers or from cleaning 


The best 


reusing the 


evaporating equipment 
method of disposal is by 
caustic after separating the suspended 


Where 


the caustic solution should be dumped 


matter this is not possible, 
separately in some place where it will 


If the 


ischarged to a sewer it should 


not cause a nuisance caustic 

tributed sufficiently so there will 
no pronounced 
the waste 


change in the pH 


By-products Utilization 


Formerly the skim milk from the 


eparation of milk and 
buttermilk 


the whey 


cream, the 
from churning cream, and 
manufacture 
utility 


from cheese 


were by-products whose and 


were 0 low during 


flush 
harved to the 


value especially 


the seasonal that they were dis 
Thess 
B.O.D 


them 


sewers 
by products have 
that it 1 not 
by biological 


mixed 


such a high 
practical to treat 
when 
and floor 
utilization (33 
method of 
products 


oxidation even 


with cooling waters 
wastes 
is the 


evetl 


product 
preferred 
when the 


sold without 


disposal] 
have to be 
profit 
Fortunately the 


nutritive value of 


these by-products is high and there is 
market for them as human 
foods. The 


sugar) in whey can be 


a growing 


and animal lactose (milk 


removed by 


yeast fermentation or can be converted 


to simpler sugars by enzymes (23 
The resulting whey solids can be used 
to make up a much larger proportion 
of the animal diet 

Lactose has 


u infant foods, media for making peni 


a limited market, mainly 


cillin and certain pharmaceutical prep 


arations It may be 
lactic converted 
metalhe lactates. At present the mar 
ket for these chemicals is limited. 
Whey can be fermented to butyl al 
The 


be converted to vinegar 


fermented to 


acid or into various 


cohol, acetone and ethyl alcohol 
latter may 
Industrial uses for domestic casein 


made by the acid coagulation of skim 
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milk, have been, in large part, dis- 
placed by cheaper grades of imported 
material. New applications for edible 


grades of domestic casein in human 


foods show promise. 
The dairy industry, and state and 
government laboratories are searching 
for new products with a large potential 
use that 


can be made from dairy by 


products As vet, the best use appears 
to be as food for man and animals 

In order to concentrate and process 
by-products economically, a consider 
able volume of fluid milk 
available at one location 
difficult 


small 


must be 
This makes 
it particularly for the large 
flush 


volume is not great enough to justify 


number of dairies whose 


special handling equipment for by 


products. Fortunately, there contin 
ues to be a trend towards larger plants 
which will handle the surplus milk and 
by-products 

But 
located so far 
that 
by-products is not 


from neighboring small 


dairies, many small dairies are 


from the nearest large 


plant transportation of surplus 
For 
these plants the best immediate solu 


economical, 


tion to the by products problem has 
appeared to be dumping on isolated 
land where odor nuisance is not a 
problem and where there is no runoff 


to a stream 


Floor Waste Composition 


Dairy butterfat, 
milk sugar and milk protein in vary 


Table I 


tive proportions in the waste vary ac- 


products contaim 


ing proportions These rela 
cording to-what the plants do with the 
milk after receiving it. For instance, 
in a milk receiving station that only 
milk the 
is essentially diluted milk 


and cools the 


weighs waste 
The same 
that 


However, if a 


thing applies to a plant makes 
plain evaporated milk 
plant makes butter or cheese the pro 
portions of the original milk ingredi 
ents tend to be distorted in the waste 
this 


the treatment of the waste from these 


and may have some bearing on 


plants 


| 
| 
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TABLE I.—-Approximate Average Composition of Milk and Dairy Products ' 


ing of containers and floors 

The fundamentals of dairy waste 
treatment are not different from the 
fundamentals of treatment of any 
other organic waste of similar compo- 
sition and concentration. Most foods 
wastes, even municipal wastes, contain 
fats, carbohydrates and proteins in 
varying proportions. From a micro- 
biological or waste disposal point of 
view it does not make much difference 
whether the waste constituents come 
from milk or other animal or vege- 
table origin. 

At one time dairy wastes were con- 
sidered difficult to treat with available 
methods and consulting engineers 
would advise against accepting dairy 
wastes in municipal treatment plants 
Gradually it became apparent that 
dairy wastes are actually about the 
easiest wastes to treat by biological 
methods since milk and milk products 
are Nature’s most perfect foods both 
for man and for a large number of 
animals and microorganisms. The im 
portant facts are simply that dairy 
wastes usually are strong and due to 


Furthermore, in fresh wastes a large 
part of the B.O.D. is present in soluble 
form so that relatively little B.O.D 
reduction can be expected by primary 
sedimentation unless the proteins are 
first coagulated 

If the above facts are taken into con. 
sideration, dairy wastes can be treated 
successfully with any one of the ex 
isting biological methods and in any 
municipal sewage treatment plant that 
has sufficient secondary treatment 
capacity 


Pre-treatment 


All floor wastes should pass through 
a simple combination sand trap, fat 
trap, screen tank, and measuring and 
sampling weir tank (Figure 1). This 
is highly desirable for all plants re 
gardless of disposal method, even if the 
waste is discharged to a large stream 
or a municipal sewer. It is particu 
larly important when the waste is 
pumped through high-pressure pumps, 
as In spray irrigation 


Most dairy wastes do not carry any 


important quantity of fat; however, 


Butter- > Total Organic Pop 
Product fat Lactose Solids Solids 8.0 D Equiv 
(%) per 100 Ib 
Whole milk 3.9 3.2 51 12.9 12.2 103 | 61 
P evap. milk 7.4 6.7 10.0 25.9 24.5 20.8 | 125 
Skim milk 0.1 3.3 5.8 9.5 8.7 7.2 13 7 
Dry skim milk 0.9 36.9 50.5 06.7 88.6 73.7 | 442 { 
Sweetened skim, | 
cond. milk ? 0.3 10.4 16.8 70.0 67.5 50.2 | 301 i 
Buttermilk® 0.4 =| 3.4 13 0.4 8.7 7.2 43 
Whey! 0.3 0.9 19 6.9 6.3 3.5 21 By 
Cheddar cheese 35.5 26.6 5 76.5 73.0 60.0 | 360 e 
Cream 40.0 2.2 3.0 15.6 15.2 30.9 230 
lee cream mix® 12.0 3.9 5.9 37.7 36.9 29.2 175 
' Averages from various sources 
* Also contains 40 per cent sucrose 
* Ripened cream buttermilk with 0.6 per cent acidity. 
‘American cheese whey with 0.2 per cent acidity as lactic acid 
* Also contains 15 per cent sucrose. } 
In addition to dairy products, the their excellent nutritional properties 
wastes also contain significant amounts they are rapidly oxidized by various 
of cleaning and sanitizing compounds organisms and consequently require 
and miscellaneous soils from the wash- rapid and ample oxidizing capacities. 3 


ie 

ie 
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FIGURE 1.—Combination sand trap, fat 
skimming and flow measurement and sam 
pling weir tank. 


some cheess plants will lose cheese eurd 
of which tends to 
Also, pasteurizing plants that 


containing fat 
float 
botth 


milk in paper containers may 


lose rele rable 


paraffin wax to the 


sewer In these plants it is advan 
build the 
tank rather long and place a skimming 
bafflle just ahead of th 


sampler if one 1s 


lageous to pre-treatment 
Or the 
used) in order to keep 
fat and floating matter “aways 


them The should be 


once a day and the skimmings burned 


Prom 
tank skimmed 
or buried together with the screenings 
The combined grit, screen and skim 
tank should be at 
rood fat 
surface area of the 


mining least 30 in 


deep Kor separation th 


should be 


tank 
1,000 gal. at 


flow, the 


ft. per 
about 
as long as it is wide. The width 
should be at least 30-in. for 


grit from the 


hourly tank being 


twier 
PASE 0 
bottom 


removal tank 
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facilitate 
sampler. 


and to installing an auto- 
To facilitate cleaning, 
the perforated metal screen, with 34-in 
perforations and maximum open area, 
should be angle with 
the horizontal and be bent over at the 
top to form a convenient shelf for the 
accumulation 


placed on a 60 


and draining of solids 
lor grit removal the tank should pro 
vide about 10 min 
flow. Consequently, a 


it. Mane 


retention at max) 


tank 21, 
would in most 
ample for both grit, fat and 
1.000 val 


mum 


cases be 
wax removal for a 
flow 


per hour 
The tank should be placed con 
veniently, preferably inside a pump 
house or other building with good light 
and a water hose 
Where 
ft. underground, because of a low sewer 

there should be 
form along one side of the tank at the 


leve 


for ease of cleaning 


) 


the tank bottom is more than 3 


a service plat 


Flow Measurement and Sampling 


Proper flow measurement, sampling 
and testing are important for checking 
and waste 


improving saving perform 


ance, for obtaining design data for 
new treatment facilities and for cheek 


ing the performance of existing treat 


FIGURE 2.—Portable weir tank with a 
continuous automatic sampler and a water- 
level recorder. 


an 
13/2 
A 


Vo Ne. 18 


ment facilities. The continuous auto- 


matic scoop sampler (Figure 2) (25) 
(27) takes samples at regular time 
intervals in proportion to the flow 

After considerable waste surves 
work had been done in a great number 
of dairy plants, a table of ‘‘standard 
losses’’ was published in 1947 (29) 
The standard loss or standard milk 
process loss is the pounds of B.O.D 
per 10,000 Ib. of milk or milk equiva 
lent which can be expected in the floor 
wastes from each process in a dairy 
with reasonably modern equipment 
and careful operation. This loss table 
has been reprinted in various manuals 
and used widely as an aid in reducing 
waste. It even has been used as a basis 
for the design of treatment facilities, 
a use for which it may not be too well 
suited, since with up-to-date equip 
ment all plants should be able to do 
much better with waste saving than 
what is indicated in the table. The 
table was revised in 1949 (31) and re 
printed in a manual in 1950 (32) but 
even this is now out of date. For in 
stance the ‘‘standard loss’’ for receiy 
ing milk in 1947 was estimated at 7 
lb. of B.O.D. for each 10,000 Ib. of 
milk received. In 1949 this was re 
vised to 4 Ib. In 1954, tests at one 
large receiving station in New York 
State showed less than one pound of 
B.O.D. per 10,000 Ib. of milk and tests 
at two receiving stations in Pennsyl- 
vania showed less than 1.4 lb. of B.O.D 
per 10,000 Ib. of milk intake. Plants 
that can consistently reduce their losses 
to this extent presumably will never 
need any treatment facilities except 
possibly a grit and screen tank with 
facilities for flow measurement and 
sampling. 

There are large fluctuations in waste 
volumes and organic loads both season 
ally and from hour to hour during the 
day in the same plant (28) (29) (34), 
Even from day to day in the same 
plant different products are often 
made and as a result the waste varies 
Therefore, it is most important, when 
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sampling a plant for the purpose of 
designing waste disposal facilities, that 
the survey be conducted during a suffi- 
cient number of days to get a correct 
picture of the volume and load situa 
tion. It is also important to conduct 
the survey during the time of the year 
when the waste load is greatest or to 
adjust the design to the caleulated 
average load for the 10° consecutive 
days with maximum milk intake or 
maximum calculated load. Because of 
these great fluetuations in the load 
from dairy manufacturing plants, it 
is desirable to have a somewhat flexible 
waste disposal setup. This may mean 
having some extra tank and aeration 
capacity available for the flush season 
The rest of the year this capacity 
would serve simply HS standby equip 
ment 


Discharge to Municipal Sewers 


Wherever possible and when a fair 
agreement can be reached with the 
municipality, the preferred method of 
disposal of dairy wastes is to the pub 
lic sewer. There are particular 
technical difficulties in treating dairy 
wastes in municipal sewage treatment 
plants provided sufficient oxidizing 
capacity is available and can be sup 
Where 
the municipal plant has only primary 
treatment, the dairy waste should be 


plied at a high enough rate 


pre-treated by aeration with sufficient 
air to maintain aerobie conditions for 
approximately four hours in order to 
It should not be nee 
essary to use a settling tank or return 


remove lactose 


sludge system in this case as the aera 
tion tank will maintain its own flora 
partly as a free dispersed growth of 
microorganisms and partly as visible 
floc. If the municipal treatment plant 
has both primary and secondary treat 
ment, removal of lactose at the dairy 
is not needed, However, if the dairy 
waste is very strong it may sometimes 
be desirable for the municipal plant 
to increase the rate of pumping sludge 


from the bottom of the secondary clari 


: 
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fier back to the influent end of the 
primary clarifier in order to help push 
the milk waste 


ana 


through the primary 
into the secondary aerobie treat 
unit If 


mains in the 


ment much dairy waste re 
primary settling tank for 
any length of time, lactic acid may be 


and the pH 


trouble in 


formed decrease 
and the 
sludge 

butter 
should not be dis 
treat 
unless considerable dilu 
allabl If these products 
are discharged accidentally the treat 
ment plant personnel should be not! 
fied so that 
preferably by 
ratios if the 
this 


Some 


may 
causing settling 
subsequent digestion of the 

By-products such as whey 
milk and skim milk 
charged to a municipal sewage 
ment plant 


tion 18 


precautions can be taken 


increasing recirculation 
plant Is equipped to do 
with 

trickling 


municipal plants acti 


vated sludge 
filters 


amounts of 


treatment or 
seem to be able to handle larg 
these strong by products 


These 


considerable ex 


without difficulty particular 


plants usually have 
ss oxidizing capacity or at least thes 
have high ree 


Anothe 


for disposing of relatively large quan 


irculation ratios 


interesting method (1 2 


tities of excess by produ ts consists of 
tank trucks to the 
pal disposal plant 


hauling in munich 
The eXCeSS whey 
and other products are fed directly to 
the sludge digester 
effect on the 


large 


with no harmful 


digestion process and a 


increase i as production 


Aerobic Treatment 
Lakes and Ponds 
Where it 


dairy municipal sewer at 


Streams, 


not possible to discharge 


a reasonable cost, the most economical 
method of disposing of the floor wast 
appears to be by pretreatment as dis 
natural bio 
lakes 


where permissible and where sufficient 
dilution is 


cussed above and then by 


logical oxidation im streams or 


available 
In some cases a shallow pond may 


be available or can be construeted in 
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expensively. These ponds will handle 
only about 45 |b. of B.O.D. per 
day deteriorating 


acre 
into 
Consequently 
quite large ponds would be required 
to handle the 
dium-sized dairy plant 


per without 


lagoons (9 


septic 


Waste from even a me- 


Irrigation 


By means of ridge and furrow ir 
rigation, settled sewage can be applied 
to land at the 3,600 to 30,000 


gal, per acre per day, depending on the 


rate of 
soil conditions (13). Work on canning 

indicates that the set 
the B.O.D 

B.O.D 
per acre 
134.000 and 
per acre per day are re 
ported for lowa soil during the four 
week 


plant waste (3 
tled waste volume and not 
is the factor since 
loadings of -649 and 5,660 Ib 


controlling 
per day and volumes of 
965.000 gal 


Under certain 
level land 
is available near the dairy plant, this 


canning season 


conditions, where suitable 


may be an economical method of treat 
ment. Apparently freezing in the win 
ter does not create trouble because the 
long grass protects the furrows from 
the cold 
Recently 


shown in 


been 
both 
waste (5) 


much interest has 


spray irrigation for 
dairy waste and canning 

19 Many different 
and cover crops are being tried 
definite data still 
pears that the loadings per acre can be 


spray systems 
While 
are lacking it ap 
many times those for oxidation ponds 
reezing in winter may be a problem 
if the pipes are laid on top of the 
ground, The method certainly seems 
field 
where 
fertilizer 
beneficial 


ideally suited to pastures and 


relatively dry 
and the 


can be 


crops in areas 
both the 


value of the 


irrigation 


waste 


The disposal of concentrated by-prod 
buttermilk, is 


spray 


ucts, such as whey or 
difficult 


( onsiderable 


more with irrigation 


unless dilution and/or 


large areas are available 
Recently some interesting experi 
with 


spraying vegetable and fruit packing 


ences have been 


reported 15 


| 
| 
| | | 
| 
| 
| 
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wastes in wooded areas with extremely 
high loadings per acre both in terms 
of volume and organic material. 
There is no reason to believe that dairy 
wastes cannot be treated in a similar 
nanner 

In all of these methods and espe 
cially where high pressure pumps have 
to be used, it is essential for trouble- 
free operation that proper pretreat- 
ment for grit, fat and large solids re- 
moval be provided ahead of the pump. 
Also the selection of a suitable sub- 
merged pump is highly desirable. The 
installation of pumps in dry wells ad- 
joining the pump pit is expensive and 
impractical for small plants. If win- 
ter operation is required the feeder 
lines to the sprays must be installed 
underground or drained at the end of 
each day’s use. The screen pit, pumps 
and appurtenances must be properly 
housed or otherwise protected against 
freezing. 


Sand Filtration 


Another method of biological oxida- 
tion is by intermittent filtration on 
sand beds. Again, it is essential that 
coarse suspended matter be removed 
ahead of the beds. Good sand beds 
are quite expensive to install and 


maintain and the permissible loading 


per acre is quite low, 50 to 100 Ib, of 
B.O.D. per acre per day and 50,000 
to 120,000 gal. per acre per day (13) 
This method probably is not being 
used any more for direct treatment 
of dairy wastes although it still may 
be used for polishing effluents from 
trickling filters, 


Trickling Filters 


Various types of trickling filter in 
stallations have been found satisfac 
tory for the treatment of dairy wastes 
Following the practice in municipal 
waste treatment, the earlier trickling 
filters were the ‘‘low-rate’’ type fed 
periodically by gravity from a syphon 
tank or by a float-operated pump. It 
was soon learned that if strong organic 
wastes were to be treated by this 
method they had to be diluted either 
with cooling water or with trickling 
filter effluent so the influent B.O.D. to 
the filter approached that of sanitary 
waste (200 to 300 p.p.m.). Even so, 
considerable ponding and filter fly 
difficulties were encountered. How 
ever, the high-rate recirculating trick 
ling filter is much better suited for 
strong organic wastes, Larger pumps 
and more power are required but the 


additional operating expense seems 


FIGURE 3.—Concentric two-stage high-rate trickling filter and dual split clarifier for 
treating dairy wastes. 
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a 
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FIGURE 4.—Horizontal and vertical cylindrical aeration tanks, with a total of 8 tangen- 
tial No. 4 air eductors placed 1 ft. above the tank bottom, supplied with recirculated mix 


liquor at 15 p.s.i. and 50 c.f.m. of air at 4 p.s.i 


Tanks also serve to equalize the flow 


well 
lormance 
filter fly and ponding troubles 

With the high 
circulation (5:1 to 
be used in 
of flow 


doubtful if two-stage 


justified by the improved per 


and relative freedom from 
ratios of re 
that have t 
the high 


average 
order to get rate 
more than 
treatment 

With a 
centric arrangement of the 
of the 
with a split clarifier (26 
settling, the 


and the 


any particular benefit con 
two staves 
trickling filter (Figure 3) and 
for the two 
difference in 
added 
short-circuiting 
this added 


of sludge Is 


stages of 


Cost 18 small security 


against raw waste 


might well be worth 
A certain 
duced by the 


from the 


cost 
amount pro 
sloughing of biological 
filters this 


sludge can be disposed of either in a 


material and 


digester or on drying beds. This type 
of sludge well on 


beds 


seems to dry open 


sand Without causing any nui 


sance 
In Great Britain and other countries 


of the British Commonwealth (22) al 


Rated capacity is 50 lb. of B.O.D. per day. 


ternating two-stage trickling filters 
are preferred because better final efflu 
ents (10 p.p.m. B.O.D 
for the same average B.O.D 
0.5 lb.) per cubie yard of total trick 


ling filter medium 


are obtained 


loading 


Less power is used, 
sludge volume is less and ponding is 
prevented 
According to experience the 
filters 
most as good effluents when 


high 


rate trickling will produce al 
with 
$.0.D 


condi 


ised 
the same low loadings (0.5 Ib 


per cubie yard Under most 


tions operation is quite satisfactory 


with considerably higher 
to 3 Ib OD 
there is some sacrifice in effluent qual 
ity. The the high-rate 
trickling filters are undoubtedly their 


loadings (1 
per eubie yard . but 


advantages of 


from odor and filter 
when 


relative freedom 


fly problems properly main 
tained and not consistently overloaded 


The part of the effluent that is recireu 


lated in a high-rate system actually 


needs no clarification or only partial 


clarification (30 
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Aeration Tanks 


Tank aeration in a great variety of 
arrangements, with or without pro 
visions for inoculation of the incoming 
waste with return sludge, is being used 
more or less successfully for treating 
all kinds of dairy wastes 

Aeration tanks built of reinforeed 
conerete, concrete block, wood or steel 
and located underground or above 
yround are in successful operation 
The tanks can be square, rectangular, 
or horizontal or vertical cylinders and 
can be insulated or installed inside a 
new or existing building (Figure 4 
The tanks can be deep or shallow and 
can have a constant liquid level. They 
also may be operated as a combination 
aeration and flow equalizing tank with 
variable liquid level or even as batch 
treatment tanks. 

Important requirements for aeration 


tanks appear to be: 


1. Sufficient tank capacity to handle 
the waste. This may mean as little as 
one-eighth to one-quarter of the daily 
waste volume with straight activated 
sludge type of operation and as much 
as double the daily waste volume for 
batch operation with maximum aerobic 
sludge digestion. 

2. The tank shape should facilitate 
good agitation to obtain optimum con 
tact between the oxygen, organic mate 
rial and microorganisms, and to avoid 
settling in stagnant corners. 

4. Ample freeboard to take care of 
occasional foaming. 

4. The tank should be installed to 
facilitate maintenance of as high a 
temperature as practical (to 90° F.) 
by either housing or installation under- 
ground, Covering will also prevent 
the entry of leaves or other foreign 
matter which may cause clogging of 
pumps or jets 


Oxidation Requirements 


In regard to aeration devices, it is 
not certain that it is necessary at all 


times to have dissolved oxygen present 


as measured by the usual test. Since 
there is a time lag between sampling 
and testing in both the dissolved oxy 
ven test and the Redox test, it appears 
that aerobie conditions may be main 
tained even when for several hours the 
tests may indicate a lack of oxidizing 
canacity 

The actual quantity of air required 
per pound of B.O.D. in the raw waste 
is relatively unimportant. is the 
oxidizing capacity of the air that 
counts. This depends on a number of 
factors such as temperature, degree of 
agitation, amount of sludge, surface 
area of air bubbles and the time of 
contact of the bubbles with the liquid 
In addition, it appears that a certain 
degree of breakup of the floc is de 
sirable for rapid oxidation but that 
too much breakup is harmful and con 
ducive to foaming and sludge bulking 
Consequently, the selection of the aera 
tion device is important in order to 
vet maximum oxidation per horse 
power (rather than per cubie foot of 
air) and a minimum of foaming and 
bulking 

Experiments with synthetie dairy 
waste (1,000 p.p.m. sludge plus 1,125 
ppm. C.O.D. from skim milk) (17) 
showed that at 68° F. a good active 
sludge removed more than 8&9 per cent 
of the C.O.D. from the solution within 
three hours. Apparently about 18 per 


cent was converted into new cell pro 
toplasm, 60 per cent stored in the 
sludge and 11 per cent actually ox 
dized to carbon dioxide and water 
The part of the C.O.D. that was stored 
in the sludge was then oxidized more 
gradually at a lower rate and after 
20 hr. more than 20 per cent still re 
mained in storage and 41 per cent was 
in the form of new cells The total 
oxygen requirement of the system is 
the sum of the immediate requirement 
of the raw waste plus the requirement 
of the endogenous oxidation of the 
cells themselves 

This modifies the earlier statements 


by the same group of investigators 
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(14) (16) that dissolved oxygen must 
be provided at an extremely high rate 
at the time raw waste enters the aera- 
tion tank. The practical experience of 
this field 
plants where the 
with 


many workers. in indicates 
that 


waste 


even in raw 


load enters extreme non 


uniformity, satisfactory performance 
is obtained even if the oxygen is pro 
vided at a 


during a 24-hr 


more or less uniform rate 
period 

In general, tank aeration has advan 
tages over trickling filter aeration in 
that 


easier and simpler to install 


tank aeration is considerably 


An aer 
ation tank requires less space and can 
be located near dairy plants or 


resi 


dences without causing odor com 


plaints. The chief disadvantages are 
the requirement of power per 
pound of B.O.D and the 


still unexplained difficulties that may 


more 
removed 
occur with excessive foaming, and with 
floating and bulking sludge 


Aeration Equipment 


The present aeration devices such as 
porous plates and tubes clog rapidly 
Saturation of the air 
with steam is reported to retard clog 


in most plants 


ging of wound diffusers and 


pla tie 
pretreatment with lime is also helpful 
Drilled with 
ameter or less clog quickly 


headers holes di 
while holes 
4 -in, in diameter or larger clog much 
less readily 
The Mallory 
drilled 


with a 


type of diffuser with 


headers, 


each hole equipped 


short 2-in piece of “e-m 
tubing, has been reported (6) (7) to 
show much less clogging 

Suction jets (such as Penberthy 
bubbles 


area per 


eductors small air 
with 
cubie foot of air and also give a good 


To be 
effective as suction jets they must be 


produce 
considerable surface 


breakup of sludge particles. 


used in relatively shallow tanks with 


a high pressure recireulating pump 


Power costs per lb. of B.O.D. removed 
are high and the pump pressure may 


cause excessive foaming 
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These jets when supplied with air 
under a pressure equal to the static 
head in the tank and with recirculated 
aeration tank liquid give more oxida- 
per jet more efficient power 
utilization than when operated as suc- 


tion and 
tion jets using air at atmospheric pres- 
If the pressure of the recireu 
lating liquid through the jet is kept 
at about 15 sludge 
breakup seem to be 


sure, 
p.s.L, excessive 
and foaming 
eliminated 

The larger the minimum diameter of 
the jet the less the tendency to clog 
However, when a suitable strainer is 
installed and kept cleaned the clogging 
even of No. 4 jets is practically elimi- 
nated. The small jets (No. 4) are re- 
ported to be more efficient as air edue 
No, 7 
may 


tors than the larger jets 

Mechanical 
both a and a 
blower and may have interesting pos 
sibilities (20) (21 


aerators require 


motor-driven agitator 


Operation 
Several 


a tank 


that 
requires more 


investigators maintain 


aeration plant 
expert operation than a trickling filter 
while the latter will take shock 
better. Experience indicates that this 
is not necessarily true. Probably the 
same reserve capacity can be provided 


loads 


in aeration tank systems as in trickling 
filter systems for less original invest 
Any aeration tank that contains 
a large amount of well-aerated biologi- 


ment 


cal sludge probably has a reserve ca- 
pacity for taking care of sudden loads 
of milk solids more or less in porpor- 
tion to the available amount of well- 
aerated sludge 

It is probable that the most impor- 
tant factor in successful dairy waste 
disposal is the interest of management 
and operators in good plant mainte- 
nance and waste saving. These are 
far more important than the type of 
disposal unit 
short- 


In spite of the inherent 


comings of aeration tank systems a 


large number of recent installations 


: 

- 
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: 
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are of this type. It is hoped that suf- together with frequent checks of the - 
ficient experience will be gained in the mix liquor f 
near future so some of the difficulties B 
can be eliminated Aeration Tank Facts é 
As mentioned previously, there are The authors’ considerable experience | 
ip many different ways of operating aera- and careful study of the many confus Bs 


tion tank systems. In some the opera- ing reports in the literature have re 
tion is similar to a regular activated solved a few fundamental facts: 
sludge plant with a relatively short 
&§ aeration period (3 to 6 hrs.) and main- 1. Milk wastes are exceptionally easy 
tenance of a relatively low sludge con- 
centration in the mix tank (10 to 20 
per cent) by a low rate of sludge re 


to treat by aerobic fermentation in 7 

aeration tanks. The lactose is quickly a 
converted to simpler products. Pro 7 


turn and by daily discharge of excess tein Is also split and Is digested by - 
sludge to a digester or drying beds. the microorganisms. Milk fat appears < 
Other plants use long aeration periods "0! % be a problem About ae half 
(1 to 2 days) and maintain a high ! the B.O.D. of the milk waste is 7 
ay i é é 
sludge concentration (40 to 70 per converted to bacterial cells and one 
cent) in the mix liquor by using high half to gas. The final result is a fairly | 
rates of sludge return. In general "Pid and excellent B.O.D. removal ; 
they attempt to keep the discharge of from the clarified solution, but neon * 
excess sludge to a minimum siderable build-up of B.O.D. in the 
Recently several batch aeration 
plants have been installed (14).  Re- 2. Where the waste contains a rela ne 


tively large proportion of whey (par 
ticularly deproteinated whey) the fer- 
mentation in the aeration tank may be 
helped by the addition of assimilable 
nitrogen compounds, This definitely b.. 
appears to improve sludge settling 


portedly these were designed for suf- 
ficient sludge burn-up to eliminate the 
disposal of excess sludge. While these 


plants have the advantage of simple 
designs they use considerable power 
and have considerable trouble with 


foaming and loes of characteristics and the effluent quality 
Claims have been made that it is, 3. By extended aeration the sludge ‘ 
possible to operate without discharg itself is aerobically digested to a con i 
ing any excess sludge and to maintain ‘'derable extent. However, no data il 
: a“ more or less constant sludge volume have been reported demonstrating the “i 
by endogenous oxidation in the aera- of a sludge vo! 
tion tank (16) So far no supporting ree in a commercial aeration syntem Fr, 
data have been submitted from com without voluntary or involuntary dis ‘. 
mercial operations. <A report (24) charge of sludge. On the contrary, e 
claims it is possible to obtain 70 per '" all systems that have been checked 
cent ‘‘burn-up’’ of the sludge. As- to date, there = definite evidence that se 
suming the temperature was fairly 
high (86° F.), this would appear to through foaming 
or with the effluen 3 
check with practical experience in 4. Temperature is important. Opti 4 
other plants. mum results both for bio-oxidation of 
It is quite difficult to get good reli- milk waste and for endogenous oxida 
able data because of the tremendous tion of the sludge appears to be about 5 
variations in the temperature, waste 6° F. At this temperature the rate z 
volume, waste strength and waste of endogenous oxidation is approxi sa 
composition. Reliable data can be ob- mately one-tenth the rate of the fer : 
tained only by prolonged contirmous mentation of the waste itself. At 
sampling in proportion to the flow, 68° F. the rate of fermentation is * 
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vreatly reduced (about 38 per cent 
if endogenous oxidation 
sludge appears to be 


opped At 50° F. the 
stopped for all practical 


practi 
rate otf ter 
mentation 1s 
commercial waste disposal 
though 
periments 17 the 
still measurable ri 
about 37 per cent of that at 86° F 
At present if 
it | po to 


PUPrpont 
plants e) in laboratory ex 
fermentation 1s 
ring at a iti 
seems doubtful if 
operat milk waste 
aeration tanks consistently without ré 
sludge 


waste 


moving some exce 
eommel 


milk 


ope rates at 


dairy contains only 
and if tank 

around 86° F., it 1 

that the 
build up cell material that is not 
ily digested by 
This 
charged 
im the 
However the 


the aeration 
probal le microorgvani 

read 
ndove nous oxidation 
finally he dis 


suspended 


material must 


either as matter 


effluent or aS shuda 


eXCCSS 


excess sludge volume 


can be greatly reduced by endogenous 
oxidation Furthermore, it 
the sludge dis 
involuntarily, has a 
B.O.D 


drying 


Appears 
harged, voluntarily or 
relatively low 
and can be handled easily on 
beds 


ment in an 


without previous treat 


anaerobic digester 


Anaerobic Treatment 


In veneral, uncontrolled anaerobic 


treatment of dairy wastes in lagoons 
or tanks tends to produce bad odors 


Although it is 


able in 


desir 
Septic tanks 


drainfields 


cheap it is not 
most locations 


with underground can be 


made to work on dairy waste from 
small plants if the dimensions of the 
tank are larve enough and if the tem 
perature of the waste Is maintained 
near YO i Design data 
nded a tank volume of at least 
likely 
small if good B.O.D. reduc 
obtained it 
remembered that a 
B.O.D. in dairy 


consequently the 


formerly 
recomme 


twice the daily flow, but most 


this is too 


tion 8 to bye should he 


large part of the 


waste is soluble and 


retention time must 


be sufficient to allow digestion of sol 
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uble B.O.D., in addition to the diges- 
settled B.O.D 


handling domestic 


tion of as in a septic 


tank wastes. 
Septic tanks or digesters for dairy 
can be started by filling, with 
water at 90° F lime and some 
ripe septic sludge from a sewage treat 
these 


appear to be 


waste 


some 


conditions 
difficult to 
When 


large 


ment plant. Under 


it does not 


keep the tank from souring 


operating properly, relatively 


volumes of carbon dioxide and meth 


ane are formed and little or no hy 


drogen sulfide If an attempt 1s made 
to operate a septic tank or digester 


on dairy waste without seeding or at 
temperature it will usually go 
The 
cipitate protein, but protein digestion 
that 


takes 


a low 


sour acidity will help to pre 


slowed down so much 


little or no B.O.D 
Then the tank fills up with un 


is often 
reduction 
place 
digested protein and bad odors occur 

Apparently, few septic tanks are 
used at present in the dairy industry 
for direct treatment of 
although 


gesters in use for the 


dairy waste, 
there are a number of di 

treatment of 
filters or excess 


from trickling 


from 


sludge 


sludge weration or activated 


ludge plants 


Chemical Precipitation 


About 


‘onsiderabl 


thirty ago there was 


interest in the use of 


years 


chemical precipitation in the treatment 
A number of batch 


of dairy waste. 


type treatment plants were installed, 


using either iron or aluminum salts to 


precipitate the protein in the waste 


The had 


tages: (a) the lactoss 


two great disadvan 


was not affected 


process 


and remained in clear solution and (b 
the sludge 


quite a dispo al 


was voluminous and created 

proble m 

Various combinations of aeration 

and chemical precipitation, such as the 

and Mallory 

tried. In general they 
complicated for the 


needed in the 


Guevenheim processes 


have also been 


have been TOO 


small treatment units 


dairy industry 
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Summary 


The trend in the dairy industry is to 
larger manufacturing plants equipped 
to utilize all by-products, thereby 
eliminating waste. However, over- 
production and low prices are a seri- 
ous handicap to this trend. 

Dairy products are highly concen- 
trated and perishable and their wastes 
have a strong polluting effect; in ad- 
dition, there are pronounced seasonal, 
daily and hourly variations in volume 
and strength of the wastes. The im- 
portance of waste segregation and 
pretreatment of the floor wastes for 
separation of grit, fat and other par- 
ticles cannot be over-emphasized. 

Continuous automatic sampling over 
extended periods of time to assess im 
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provements in waste savings is impor- 
tant for design and treatment purposes. 

Waste discharge to municipal sewers 
is preferred wherever it is feasible. 
Irrigation methods are receiving con- 
siderable attention, while interest in 
anaerobic digestion and chemical pre- 
cipitation appears to be slight. High 
rate recirculating trickling filters are 
still giving excellent and economical 
treatment, but aeration tanks are con 
siderably cheaper and simpler to in- 
stall. Many types of aeration tanks 


and aeration devices are being used.: 


The important factors are: (a) main 
tenance of temperatures above 70° F, 
(80° F. to 90° F.) and (b) good agi 
tation with aeration devices that do not 


encourage foaming, 
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PUBLIC SEWAGE TREATMENT PLANT CONSTRUCTION—1954 


ummary of construction of pub 
treatment works for th 
calendar year 1954 


ls-page report released by the Division 


hie SOW ire 
is contained in an 
of Sanitary Engineering Services, | s 
Publie Health Service, under the tith 
‘Public Treatment Plant Con 
struction—1954,’’ and designated PHS 
Publication No. 453. 
According to the report, 
£297 5OO.O000 for 


Sewawe 


contracts 
716 


ineluding in 


amounting to 
sewage treatment plants, 
many places interceptor sewers, were 
awarded by U. 8. municipalities dur 
ing the year. The cost of 366 


plants WAS #1 1.200.000, the 


new 


$84,300,000 providing for additions, 
enlargements or replacements for 300 
existing plants. The following 
tract totals for 1948-1954 indicate the 


record expenditures for sewage treat 


eon 


ment facilities: 


Actual Dollars 


(millions 


Year 
1948 
1949 
1950 
1951 177 
1952 137 
1953 191 


1954 228 


158 
180 


203 


It is currently estimated that annual 
expenditures of $250,000,000 for mu 
treatment works con 
stru to keep 
with needs developing as a result of 


nicipal sewage 


‘tion are required pace 
population increase and plant obsoles 
cence. 

An appendix of 12 
individual 
contracts 


pages lists, 


by community, the sew- 
age treatment construction 
awarded during 1954, giving the type 


of construction and cost in each case 
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SURVIVAL OF COLIFORM ORGANISMS IN PACIFIC 
OCEAN COASTAL WATERS * 


By Isapore Nusbaum AND RicHarp M. Garver 


Respectively, Water Pollution Control Engineer,t San Diego Regional Water Pollution Control 


Board, San Diego, Calif., and Lt. J.G., M.S.C., 


Medicine Unit No. 5, U 


This study was made to obtain infor- 
mation on the viability of coliform or- 
vanisms in saline waters of the South- 
ern California Coastal Area. Specifi- 
cally, the investigations were performed 
on the waters of San Diego Bay and 
Pacific Ocean bordering the coastline 
of San Diego County, Calif. Forty- 
one million gallons per day of undis- 
infected, partially treated municipal 
wastes are discharged into San Diego 
Bay. The coastal waters of Southern 
California daily absorb the liquid 
wastes of an estimated 6,000,000 peo- 
ple. Almost all of these are 
discharged in areas contiguous to 
beaches, industrial and military instal- 
lations requiring a ‘‘bacterially safe’’ 
water. 


wastes 


Historical Background 


Adequate reviews of the literature 
on the viability and dispersal of fecal 
bacteria in the sea may be found in 
‘*Marine Microbiology’’ by ZoBell (1) 
and the studies of the Woods Hole 
Oceanographic Institution (2) (3) (4). 
It is of interest to note that many of 
the reports are contradictory. Ket- 
chum (3) notes that results have been 
reported varying from death rates far 
more rapid than those found in fresh 

* Presented at 1955 Annual Meeting, Cali 


fornia Sewage and Industrial Wastes Assn. ; 
Riverside, Calif.; April 27-30, 1955. 


USN, U. 8. Navy Preventive 


. 8. Naval Hospital, San Diego, Calif. 


water to information that sea water 
is neither antiseptic nor inimical to 
enteric bacteria. Peeculiarly enough, 
despite the work of many investigators 
showing that enteric organisms may 
persist for long periods in autoclaved 
sea water, statements are still to be 
found in recent reports (5) (6) that 
sea water, per se, is detrimental to the 
existence of these organisms. 

Some studies (7) have shown such 
an extremely rapid reduction of en- 
teric organisms in sea water that doubt 
was expressed as to the publie health 
significance of waste discharges into 
On the other hand, Buttiaux 
Leurs (8) 


the sea 
and following a series of 
optimistic reports by several French 
investigators, cautioned against undue 
reliance on the so-called antibiotic ef- 
fect of sea water on the 
municipal wastes. 


bacteria in 
Although these two 
investigators hesitated to generalize on 
their findings, it was shown that under 
the conditions used SN. typhi, S. para- 
typhi, B. and S. enteritidis persisted 
with little change in numbers for pe- 
riods in excess of 24 hr. At the same 
time, using spring water 
showed reductions of 75 to 100 per 
cent in the numbers of organisms in 
22 hr. and 93 to 100 per cent in 44 hr. 

It is to be expected the circum- 
stances influencing the existence of 
enteric organisms in an aqueous media 


controls 


t Presently Sanitary Engineer, USPHS, would, or might, vary considerably 
Detroit, Mich. with the locale. Some observers have 
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FIGURE 1.—Map of San Diego Bay, Calif., showing sources of bacterial pollution. 


demonstrated an 


difference 


organisms 


apparent 


in the viability of enteric 
different 


also in 


not only in bodies of saline 
areas of 
this effect 


has been frequently noted for 


water but adjacent 


llowever, 


the same body 
9 
fresh 

San Dieg 


were 


water as well as for sea water 
oO Bay, the waters of which 
part of this 
The only 


fresh water normally discharged 


used for a large 


study, is shown in Figure 1 
into 
The 
shown are dry 


A com 


water 


the bay is in the form of wastes. 


rivers and streams 


throughout most of the year 


pany extracting salt from sea 


is located at the extreme south end of 


the bay Sources of waste containing 


significant bacterial populations are 
Untreated sewage 


Naval 
The south 


shown in Figure 1. 


is also discharged from large 
vessels moored in the bay 
section of the bay, zone C, is shallow 
with an average depth of about seven 
feet with 
low tide 
of the 


middle bay, Zone B 


large portions exposed at 


per cent 
discharged to the 


Approximately 
wastes are 


The mean tidal range in San Diego 
Bay is 4.2 ft. with an average of 1.9 
tides per day. The tides are charac- 
terized by diurnal inequality. The 
effect of the tides with respect to waste 
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disposal is felt principally in the north 
end of the bay, zone A. 

There are no extreme differences in 
the salinity of the bay. Vertical stra- 
tification of the waters of San Diego 
Bay where it exists is mainly thermal. 
Water temperatures vary from a low 
of 12° C. in the winter to a high of 
24° ©. during the summer. 


Investigational Techniques 


Samples of bay and ocean water 
were filtered through cotton to remove 
gross extraneous matter and placed in 
l-gal. glass jugs which were incubated 
in 4 running water bath in the labo- 
ratory. The temperature of the water 
bath was maintained within 1° to 2° C. 
of the bay temperature at the time of 
sampling 
oculated 


The water samples were in- 
with either washed suspen- 
sions of a laboratory culture of E. coli 
or with one part per 100 of cotton- 
filtered San Diego Sewage Treatment 
Works primary tank effluent. 
cases San Diego Bay waters naturally 
contaminated were incubated without 
further inoculation. Every effort was 
duplicate normal environ- 
mental conditions within the limits of 
an in vitro experiment 


In some 


made to 


A portion of each sample was re- 
moved daily and the coliform organ- 
ism population was determined by the 
presumptive method with five tubes in 
each of three or more serial dilutions 
using double strength broth. 
Ninety-nine per cent of the several 
hundred individual determinations 
were confirmed in brilliant green lae 
tose bile broth so additional confirma 
tions were not made. 


lactose 


The ocean waters 
in the San Diego area are virtually 
free from coliform organisms except 
where some source of contamination 
Except for waterfowl, mu- 


nicipal and ship wastes are the prin 


is near. 


cipal source of coliform organisms in 
San Diego Bay. Inoculated samples 
of bay and ocean water 
placed in cellophane dialysis tubing 


and suspended in San Diego Bay. De- 


were also 
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terminations were made using auto- 
claved sea water, prepared B.O.D. 


water, tap water and stored sea water 
Total bacterial counts were obtained 
during the course of some experiments 
by inoculating solid sea water media 
(1). Lactose broth was also prepared 
instead of distilled 
water for some of the experiments. 
The filter investi 
gated for use in this work and dis- 
i for several reasons. The most 
was that it would 
have taken a research project merely 
to establish its suitability for the study. 
The modified E.H.C 


not give 


using sea water 


membrane was 
carce 


important reason 


Endo medium did 
results comparable with the 
tube method, In a re- 
investigation, which has not yet 
reported, another laboratory 
E.H.C.-B.G.F. isolated 
three different types of colonies, only 
Ilow 
ever, all three types of colonies con 
firmed for the coliform The 
later determined 


fermentation 
cent 
been 
using medium 
one type of which showed sheen. 


group. 
sheen colonies 
to be E. coli 


was found to be Aerobacter aerogenes 


were 
Another colony type 
and the third type was another coli 
The 
organisms was primary sewage treat 
ment plant effluent. Strict interpre 
tation of the membrane filter results 
as compared to the M.P.N. fermenta 
tion tube data was impossible without 


form variant source of these 


a great deal of additional information, 


Experimental Data 
ZoBell (1) 


sy nthetic, 
water 


has stated that artificial 
diluted or autoclaved sea 
simulate 
natural sea water and the biological 
properties of the latter vary 
greatly. Any sample of natural sea 


does not necessarily 


may 


water that has been removed from its 
source and placed within the artificial 
boundaries of a does not 
fact, 
the authors were unable to determine 
that what 


experimental conditions exactly dupli- 


container 
simulate natural conditions. In 


occurred under controlled 


is 
” 
3 
3 
> 
4 
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the 


the bay or ocean 


cated phenomenon occurring in 

A decision that had to be made was 
whether to use sewage directly as a 
source of the bacteria or to use a lab 
Esche rich 
the 


inoculated in 


oratory culture of cola 


Another decision concerned num 


bers of bacteria to be 
the water. Although these points may 
did 
Oo compare in vitro experiments in 
which the the 
quality of the bacteria population was 
with in 
the ws least 
three different groups of coliform or 


eem trivial, it not seem logical 


neither quantity nor 
For ex 
contained at 


imilar Vivo results 


ample wave 
ganisms, whose viability might not be 
col 


at all comparable to a specific E 


laboratory strain, together with innu 
merable other bacteria and suspended 


dissolved 


matter 


and organic and inorganie 

Coliform bacteria in the pri 
sewage varied from 200,000 to 
cells per milliliter 
immediate dilution through 
outfalls, 
per 
whereas in 


mary 


ROO.000 and after 


the exist 
5 000 


ing counts of 


to 30,000 


se ware 


cells milliliter 


wert 
found investiga 


tions bacterial populations of the in 


many 


dicator organism of from 107% to 5 10 
cells per milliliter have been used. Al 
though theoretically the death rate of 
the under 
should not vary 


organisms consideration 


because of initial con 


centrations, actually it was decided not 


to use pure cultures in extremely high 
concentrations for the general purposes 
of this work. The initial lag periods 
for FE. colt suspensions of about 10 
cells per milliliter in sea water and EF 
coli or sewage dilutions of about 5.000 
cells per milliliter appeared to be the 
but 


phase 


the death rate in the subse 


same, 
quent appeared about twice as 
rapid for the former 
An initial lag period, during which 
the coliform population remained some 
lasted than 24 
four days natural 
1-gal 
The length of 
the lag period varied in general with 
the season of the year, although this 


what stable, from less 


hr. to 


water 


when sea 


was ineubated in glass 


jugs in the laboratory 
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property was not 


any 


consistent during 
The lag period and the 
coliform variability was similar to that 
found by Vacarro, Ketchum et al. (2) 
4). The existence of this lag period 
when 
one considers that it is almost impos 


season 


takes on far more significance 
sible to locate an outfall in the popu- 


lous regions where under general or 
unfavorable current conditions the di 
luted effluent will 
areas within 24 to 96 hr 


A number of 


run using natural sea water, de 


not reach sensitive 
parallel experiments 
were 
water and a standard 
All the sam 
ples were inoculated with filtered pri 
The 


Table I are typical of a series of these 


chlorinated tap 
buffered dilution water 


mary sewage effluent results in 


determinations 


TABLE I.—-Comparative Study of Incubated 
Samples Using Different Dilution Waters 


Inoculatior 
Period 

Days 

Initial 190,000 
] 170,000 


220,000 
33,000 


330,000 
240,000 
240,000 1,100 
240,000 950 
1,000 240,000 100 
1.400 70,000 700 
310 13,000 700 
190 3,300 1,100 
330 13,000 100 


140,000 
3,300 


' Coliform per 100 ml 


These data revealed, that natural 


sea water cannot be compared with a 
treated chlorinated water or a 
synthetic dilution 


parison is to be 


tap 
water If a com 
should be 
llow 


that sea water 


made it 
with natural fresh water 
ever, the 


made 
data did show 
is not alone in demonstrating rapid 
reductions in bacterial coneentrations 
on storage. This phenomenon is al 
old There 


have been many reports of the rapid 


most as as bacteriology. 
organisms in 
The excellent 
the U. S. Public Health 
the Ohio River Basin are 
typical. In a discussion of the via- 


decrease in coliform 


natural fresh waters 
studies of 


Ser ice on 


ive 
| 
| 
| 
| 
7 
Dechlor 
ilorinated 
‘ Buffered 
Dilution 
ay Water 
M.P.N 
| 
| 
3 
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bility of coliform organisms in water 


by Prescott, Winslow and MeCrady 


(10) some figures are given on the 
change of coliform organisms in the 
Ohio River between Cincinnati and 
Louisville Strangely enough the 


death rate demonstrated by the Ohio 
River identical with 
information in the same 
reference from the Massachusetts De 
partment of Health on the purportedly 
rapid rate at which the coliform group 
dies in sea water 

Table I on the buffered 
dilution water are perhaps indicative 


data is almost 


other 


some 


The data in 


of the difficulties one may encounter. 
The extremely rapid initial change in 


bacterial counts was surprising. The 
buffered water was identical with 
standard B.O.D. dilution water. The 
distilled water used to prepare the 
dilution water was stored in a stain- 
less steel tank containing a brass fit- 
ting and soldered joints. Although 


traces of the metals could not be de- 
tected in the distilled water, it was 
probable that enough had been dis- 
solved to establish some oligodynamic 
Distilled water from another 
source was used and the difficulty dis- 
appeared. It would not be unusual to 
find substances with an oligodynamic 
action in natural waters or from the 


wastes discharged 


action. 


Autoclaved Sea Water 


Autoclaved sea water inoculated 
with washed suspensions of EF. coli ex 


hibited the same marked change on the 


viability of the test organism which 
had been reported by others (2) (3). 
Table Il represents one of a series 


using an inoculum of sewage in auto 
claved and reaerated autoclaved sea 
water. 

There was no practical difference be- 
tween the results obtained on the auto- 


claved and the reaerated sea water. 
Although dissolved oxygen determi- 


nations were not made during the 


course of the experiment, the auto 
claved water contained no initial dis- 
solved 


oxygen and the reaerated 
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Comparison of Incubated Samples 
of Autoclaved Sea Water 


Natural Autoclaved Reaerated 
Period Sea Sea Autoelaved 
Water Water Sea W ater 
M.P_N M.P.N.! MPN! 

Initial 160,000 1,300,000 350,000 
230,000 540,000 | 230,000 

2 4,900 1,600,000 540,000 

3 2.700 1,600,000 540,000 

1 3,500 540,000 350,000 

5 700 350,000 540,000 

6 1,700 920,000 | 140,000 

7 700 350,000 | 350,000 

8 230 920,000 350,000 


' Per 100 ml. 


water was saturated with oxygen. It 
that autoclaved water is 
a better habitat for the coliform group 
than fresh water and would probably 
make an excellent dilution water. It 
has been frequently reported that the 
enteric organisms will not propagate 
in sea water media. All of that work 
appears to have been done with solid 
media 


appears SCA 


Lactose broth was prepared 


using distilled water, sea water and 
preautoclaved sea water and inocu- 
lated with effluent from a primary 


Two deter 
minations using the same sewage were 


treatment sewage plant 


run on each broth. Specifically it is 
believed that the normal saline con 


stituents of sea water are not antago 
Table IT 
shows the comparative results of ineu 
bated 


water and standard lactose broth 


nistic to enterie organisms. 


sea water, preautoclaved sea 


Temperature 

An attempt was made to determine 
the effect of temperature on the via 
bility of coliform organisms in natural 


TABLE IIl.--Comparative Study of Incubated 
Sea Water and Preautoclaved Sea Water 


Lactose Broth Lactose Broth 


Lactore Broth 


Distilled Preautoclaved 
Ren Water 
Water Rea Wate 
M PN M.P.N (M PN 
49,000,000 49,000,000 | 23,000,000 


23,000,000 17,000,000 23,000,000 


' Per 100 ml. 
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ea water under laboratory conditions 
Samples incubated at 5 © 
18° C, and 30° C 
be rather unusual to find sea water 
emperatures of 5° CC. in Southern 
There was little difference 


samples incubated at 18 


were 


although it would 


California 

between the 
C. and 30° ¢ These samples showed 
an initial population stability of one 
to three days followed by a rapid ce 
The 5° 


ignificant 


crease samples showed in 


changes in coliform counts 


for pertod 
It would be 


whether thi 


up to 9 days 
impossible to say 
reduction in mortality 
effectiveness of the 
postulated antibiotic activity or to the 
the 
temperatures 


is due ta reduced 


reduced metabolism of organisms 


at low has been 


found frequently that some substances 
appear to be less toxic at low temper 
atures due to the 


reduced metabolic 


activity of the test organism 


Nedimentation 
Experiments to determine the effect 


scdlimentation were condueted in 


the laboratory with inconclusive — re 


ults It wa impossible to simulate 


floceula 
Filtered sew 


natural conditions affecting 


tion and sedimentation 


age used for an inoculum did not con 


tain sufficient 


avvlomeration 


TABLE IV.—Bay and Laboratory Inc 


5,400,000 
3,500,000 
130,000 
17,000 
11,000 
1,000 
11,000 


5,400,000 
200,000 
24,000,000 
3,500,000 

700,000 

£700,000 
1,400,000 


Initial 
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particulate matter for 


330.000 
170.000 
26,000 
11,000 
1.300 
3,300 


Deeember, 1955 


Sea Water Samples 


Additional] 
planned 


experiments were 


using inoculated samples of 
sea water in cellophane dialysis tubing 
suspended in the bay 


The 


crease in 


results showed a definite in 
the 


there appeared to be som 


initial lag phase and 


increase in 
coliform bacteria numbers Several 
typical examples are shown in Table 
[V 
Total 
determined on 


bacterial counts were also 


solid sea water media 
The total counts in the dialysis tubing 
1.000 


than the total counts in the laboratory 


were as much as times greater 


incubated samples It is quite ap 
parent that the container in which the 
experiment is conducted is of para 
also be 


other 


should 
data 


certain 


mount importance It 


from these and 
that 


which take place in the laboratory are 


apparent 


sources while changes 
of the same order as the natural phe 
nomena, they may not even be related. 

A non-filterable, heat labile material 
which demonstrates a considerable ef 
bacteria in in vitro 


lect on enteric 


experiments appears to be present in 


natural sea water. This substance has 
redited 


the sea and to bacteriophage 


to other organisms In 
Peeu 
the 


bac 


been 


taken in 
free oft 
teriophage and having low total bae 


liarly enough, samples 


ocean in areas virtually 


ubation of Inoculated Sea Water Samples 


Lab 

Dialysis 

Tubing 
M.P.N 


Ineub 
ab. Ineut . 
In Glase 


M.P_N 


OO) 
OOO 
OOD) 
000 
000 
23,000 


170,000 
220,000 
33,000 
7,000 


170,000 
190,000 
700,000 
1,700,000 


3,300 
1,700 
200 
310 


790,000 
2,400,000 
1,300,000 
79,000 


100 


— 
Set 
i 
i 
! 
of 
ia 
Sample | Sample 2 Sample 3 
: 
Day 
Incubated Bay Ineut Lab. Ir Bay Incub 
ub, Incub. | ph, Dialysis 
Pubing hy: | Prubing 
3 
3 
: 
5 
6 : 
= 
7 
. 


Vol. 


teria and phytoplankton populations 
demonstrated the antibiotic action in 
vitro. Whereas autoclaved sea water 
samples placed in glass containers and 
inoculated with sewage undoubtedly 
containing large numbers of bacterio- 
phage showed little change 


San Diego Bay Factors 


Available bacteriological data on 
San Diego Bay, much of which had 
been obtained at the same time as this 
study, was re-examined. Bacterial pol 
lution did not appear to exhibit a sea- 
sonal pattern despite the fact that in 
vitro tests showed a much greater anti- 
biotic action in summer than in win 
ter. The coliform organisms disappear 
rapidly in the large shallow south see- 
tion of the bay contiguous to some of 
the heaviest pollution In vitro tests 
comparing water from this end of the 
bay with other sections and with ocean 
water showed no marked difference in 
antibiotic action. During the extreme 
low tides of the area (1.0 to 1.9 ft. 
below datum) M.P.N.’s as high as 
24,000 per 100 ml. have been found 
and can be traced as far as six miles 
from the San Diego Sewage Treatment 
Works outfall At other times and 
tides high coliform concentrations are 
not found more than one to two miles 
from the outfall. 

The flushing characteristics of San 
Diego Bay are not well defined, but 
the major changes in coliform popu- 
lation are taking place within the bay. 
For example, the mean M.P.N. in the 
hay, if the sewage were dispersed uni- 
formly, would be 35,000 for each day’s 
discharge. This is based on a rough 
calculation of the mean tide volume of 
the bay and assuming 41 m.g.d. of 
sewage plant effluent containing an 
average M.P.N. of 50,000,000. Pre- 
sumably it would be much higher 
based on available information on the 
initial lag period. The average M_P.N 
in the central section of the bay may 
approach this value at times, but it 
is generally lower. In the south and 
north sections of the bay it is much 
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lower. At Ballast Point, the entrance 
to the harbor, the mean M.P.N. on an 
ebbing tide is about 100, 

In general, the following have been 
accredited with having some effect on 
bacterial numbers in sea water: anti 
biotic action due to some organic sub. 
stance, bacteriophage, salinity, sun 
light, flocculation and sedimentation, 
adsorption, predatory and filter feed 
ing organisms, and dilution. The au 
thors doubt that bacteriophage, salin 
ity, or sunlight have any special sig 
nificance It is extremely doubtful 
that the germicidal effects of solar 
radiation penetrate beyond 5 to 60 em. 
ZoBell (1) has stated that if tnere is 
any direct effeet of sunlight on bae 
teria in sea water, it is obscured by 
other factors. 

Floceulation and sedimentation are 
probably important factors Mud 
samples from the bay bottom have 
shown coliform densities of from two 
million per 100 ml. to more than 2.4 
billion per 100 ml. of wet mud. In 
general the counts varied inversely 
with the distance from the outfall 

In a bay such as San Diego Bay, 
which is large and shallow with many 
surfaces for the development of filter 
feeding organisms, large numbers of 
bacteria must be ingested daily. Or 
ganisms such as mussels, clams and 
tunicates may filter 6 to 10 gal. of 
water per day. With the tremendous 
population of these animals found in 
San Diego Bay, particularly the 
central and south seetions, it would 
appear that many bacteria would be 
removed 

Adsorption of the bacteria on sus 
pended matter in the water may be an 
important factor. Weiss (11) has re 
viewed available information on ad 
sorption and demonstrated, in vitro 
such effects. Additional data, particu 
larly on sea water, is necessary 


Summary and Conclusions 


A high degree of uncertainty still 
prevails with respect to the viability 


of enteric organisms in sea water 
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less the fate of 


pathogens in the sea than on the trace: 


Kven is On 


organisms commonly used 

be 

evaluated with respect to the environ 

which the 
These 

significant 

to the 


Existing information must r 


ment in were 


experiments 


conducted studies have shown 


that with 
the 


or 


differences exist 


respect treatment given 
of the test 


container 


the 
th 


the « xperiments were conducted. 


waters used SOUTCE 


which 


Sea 


and in 


water alone is not antagonistic to coli 
form organisms because of its salinity 

Under the conditions of the exper! 
ments in this 
have been found to persist in sea 
Ad 
ditional data are required comparing 
the effects of d 
taining wastes 


has 


instances 


study, coliform organ 
ISIILS 


water for relatively long periods 


ispersal of bacteria con 

into fresh as well as s 
been demonstrated 

that ol 


organisms in fresh water is not 


water. It 
many the viability 


enter 


Dt 
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appreciably greater than sea water and 
mas actually be less. 
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Rutaers University 


The primary objective of these in- 
vestigations was to obtain basie in- 
formation on the significant factors af- 
fecting the nature and amount of 
slime formed on submerged surfaces 
in polluted waters. Fundamental in 
formation from these studies was then 
utilized to evaluate when, where and 
why slimes may become a nuisance 
and to develop a basis for their con 
trol. 

Slime may be defined as the viscous 
or gelatinous film formed on sub- 
merged surfaces, including both living 
The 
film varies widely in composition and 
amount, depending on the 
physical, chemical and biological fac 
tors of the environment 

The environmental conditions of sub 
merged slime growths include two 
groups of factors. ‘‘Surface factors’’ 
are concerned with the type of surface 
on which slime forms. ‘‘Medium fae- 
tors’’ related to the character of 
the liquid in contact with these sur- 


faces. 


and associated non-living matter 


d i verse 


are 


Plan of Research 


Investigations designed — to 
study the fouling of submerged sur- 
faces by mixed, natural populations of 
No at- 
tempt was made to identify all organ- 
isms present or to determine the effect 
of specific organisms or groups of or- 


yvanisms. 


were 


organisms in polluted waters 


The objective was primarily 
to determine how the film varied un- 
der environmental 


certain conditions 


* Paper of the Journal Series, New Jersey 
Agricultural 
University. 


Experiment Station, Rutgers 
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rather than to study the effect of the 
film on the environment. 

The studies of slime formation will 
be presented in three parts: 


|. Laboratory and field study meth- 
ods. 

Il. Factors affecting slime growth. 

Ill. Nature and 


slimes 


composition of 


Two other phases of this study have 
been previously reported and will not 
be included this These 
earlier publications relate to: (a) bio 
logical growths in petroleum refinery 
waste water (1 


SeTICS, 


and (b) protective 
coatings and slime growths (2). 
Before studies could be undertaken 
to evaluate the influence of various 
factors on the quantity and composi 
tic: of slimes, it was necessary to de 
velop experimental methods and pro 
These fall into two 
laboratory methods 


cedures main 
and 
The laboratory meth- 


designed 


categories: 
field 


ods 


methods. 
were to reproduce as 
nearly as possible conditions prevail- 
ing in the field, so that the influence 
of specific factors could be isolated and 
controlled more completely than is pos 
sible under field conditions. It is 
hoped that the method developed will 
be of others 

studying slime formation. 


value to interested in 


Laboratory Methods 


In all laboratory studies, standard 
glass 4-in. ¥ 1-in., 


were employed as the test surface. 


microscope slides, 


Four basie types of immersion were 
air lift recireulation, 
recirculation, and dipping. 


employed: static 


tank 


\ 
i 
ii 
4 
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nethods of 


re modifications of the 


submerging the 


Static Method 


The submergence of fixed surfaces 


microscope slides) without 
either the liquid or the 
has been termed the 

method lt the 

method, the slides were placed 

grooved Lucite holders, and 

the holders submerged in 800 ml 

DOO mil 


motion of 
fixed surface 
‘submerged 


submerged 


were 
beakers containin 
liquid, The 

ided with 
l-in. 14-in. so 


mersion strips ot 


were pro parallel groo' 

arranged that 

would stand 
in the holders 

The u if static surfaces with mov 

studied by two differ 


ent method air lift recireulation and 


slick 
Lucite 


cope 


ing figuid we 


tank recirculation, employing several 


modifications of each method 


Kaeposed Aw Lift 


Recirculation 


‘*Air lift 
the use of fixed suspended slides, the 
test liquid 
lift Two variations of 
differed only in the 
for 
circulation the 
above the liquid 
he ‘‘submerged’’ 


were 


recirculation involved 


being recirculated by al 
this 
location of th 


method 


‘exposed’ air lift re 


low nte a 


slides were 
reservoir, while 
method the slide 
ontinuously located beneath the 
liquid surface 


In 


lation apparatus illustrated in 


xposed application, the recireu 
Figure 
1 was employed. This consisted of an 
air lift de 


fitted to a rubber stopper the 


ice and plastic slide holdet 
stoppet 
ving to suspend the apparatus 
a one er graduated cylinder 

air lift was dis 
baffle of the 
The liquid flowed down 
slide, 


ported at an angle of about 30 degrees 


aerated from the 
harged on. the 


slick holder 
over the 


plasti 


which was sup 


from the vertical position 


kor exposed ope ration. a 400 or o00 


ml. volume of liquid was 


placed ith 
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ember, 195 


Plastic 
Siide 
Holder 


Air Lift 


Liter 
Cylinder 


= 


FIGURE 1.—Schematic diagram of air lift 
recirculation system. 
each of the 


eylinders, and the air 


connected to a manifold 
Flow of air to the manifold 


trolled by a needle valve 


lines 
was con 
and regulated 
by means of a flow 


eter 


or 


manom 
Flow of air to the individual 


cylinders was controlled by separate 


screw clamps on the 
Air discharged from the mam 
fold to each air lift at a of 0.5 | 


per minute reulated 


respective air 
lines 
rate 
produced a rec 


liquid flow of 30 to 40 ml. per minute, 


j 

‘ 
4 

Supply 
mas 
| ; 
Slide y 
4 

Weed 
| 
{ 
{ 
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these 
simul 
microscope 


Twelve of 
operated 


or 2.5 |. per hour. 
air lift units were 
taneously, with a 
slide in each unit. 


single 


Submerged Air Lift Recirculation 


In 
tion’’ 


recircula- 
the plastic baffle was removed 
unit. A new plastic slide 
holder containing two slides was sus- 
pended by nylon fishing leader, at a 
level below the surface of the main 
Slides were im 
a vertical position, and 1 
| volumes of 
used. 
per produced a liquid recireu 
lation flow of 12 1. per hour. Twelve 
of these units were operated simul 


‘submerged air lift 


from each 


liquid reservoir. 
mersed in 
immersion liquid were 

The air flow employed (650 ml. 
min. ) 


taneously 


Tank Recirculation 


The ‘‘tank method, 
illustrated in Figure 2, also employed 
fixed surfaces immersed in the liquid 
The tanks permitted as many as 70 
microscope slides to be simultaneously 
immersed in one tank, under the same 
Studies were made using 
having glass sides 
These 
were 10 gal. in capacity, measuring 
19.5-in 10-in. 11.5-in. deep. Slides 
were supported vertically in 1/16-in 
slots; the milled, Y-in 
apart, in a base made of Lucite (10.5 
in. 5-in. X 


conditions 
standard aquaria 


and a slate bottom aquaria 


slots were 
and placed on the 
A center baffle of Lucite 
6-in. V-in 
slot in the base 
from 12 to 36 |. of 
sewage added to the tank; the 
Lucite with and 
baffle inserted, was centrally 


tank bottom 
(15-in. was inserted 
in a 

In operation, 
were 
base, slides center 
located 
in the tank and fixed in place by an 
overhead clamp. The filled 
the tank to varying depths, but the 
surface was well above the slides and 
below the top of the baffle 
In studies using volumes greater than 
16 1. per tank, a higher (12-in 
ter baffle was used. 


seware 


center 
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End 
Boffies 


10 Gal 


Slotted 
Aquarium 


Shde 
Support 


Stirrer 


Vertical 
Sides 


Center 
Baffie 


FIGURE 2.—Schematic diagram show- 
ing the top view of the recirculation tank 
system. 


The shaft of a single speed labora 
tory stirrer (1/150 h-p., 1,550 r.p.m.) 
was obliquely inserted into the sewage 
in the channel opposite the slides. The 
position of the stirrer was adjusted 
to keep surface disturbance and re 
aeration at a 


baffle 


minimum Various 


arrangements were tried to re 


duce surface agitation and to produce 


an even flow. Batch operation em 
various depths (9.5 to 28.0 
(12 to 36 1) of 


The sewaye 


ployed 
em.) and volumes 
seware was changed at 
daily intervals 

In continuous operation of tank re 
circulation, sewage was added and re 
moved continuously. Sewage was sup 
plied from overhead bottles, using an 
automatic gravity feed, and was re 
from the tank by a siphon 
The rate of effluent discharge 


was regulated by flow through capil 


moved 
outflow 


lary tubing, the size of the capillary 
and the elevation of the outlet being 
varied rate to the de 


The direction of flow was 


to control the 
sired point. 
also controlled by inserting diagonal 
and baffles at 
flow. A ecarborundum dif 
fuser was employed for 
the tank 


curved tank corners to 
even the 
aeration of 


contents 


= 

| 
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Dipping Methods 


The majority of the laboratory stud 
the 


(Figures 3 and 4 


were 
method’ 
method employ 
ing the test 
rather 


made by ‘‘dipping 
This 
the principle of mov 
surface in the liquid 


than pumping or recirculating 
stationary test sur 
the 


were 


the liquid past a 
The 


development of 


reasons for 
method 
number of slides 


lace primary 
this 
the 


d, 


a) to increase 
that could he 
permit 


and (b to 
within 
( onditions 


comparison of results 


a range of environmental 
Two variations of the dipping method 


were ‘alternate 


7 


ping 


employed In dip 
the test 


into and out of the liquid at a known 


surface Was 


dipped 
rate and velocity. A ‘‘submerged dip 
method involved up and down 
the 
surfaces at a 


ping’’ 


movement of continuously sub 


merged test known ve 
locity 

The dipping apparatus consisted of 
a tubular copper frame, having a cen 
tral axis supported by angle 

The 
through a 
6 to 8 in. by 


Iron up 


rights frame was tilted up and 


down vertical distance of 


means of a lever or 
link; the lever attached 
off-center pin located on the 
face of the driving pulley. The tilt 
ing distance was varied by sliding the 
the 
to or farther from the axis 


driving was 


to an 


frame closer 
The rate 


of dipping was varied by the use of 


connecting link on 


a Graham variable speed transmission 


FIGURE 3,—Laboratory dipping apparatus 
for suspending microscope slides. 
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Submerged f 
Dipping 


Alternate 


Dipping 


Cylinder 


with 
Substrote 
Substrote 


FIGURE 4.—Schematic diagram show- 
ing side view of microscope slide dipping 
apparatus. 
attached to a constant speed motor. 
The speed was variable between zero 
r.p.m. In the 
rate of dipping employed was 3 r.p.m., 
14-in 


or at a velocity of O.0O58 ft 


and 36 these studies, 
moving the frame a distance of 
in 2O see 
per sec 

Various methods were tried to hold 
the microscope slides in the dipping 
The and 
practical method of suspension found 
was the use of a No. 12 rubber stop 


apparatus simplest most 


per, having a series of parallel grooves 
cut in its wide surface and supported 
in its center by a nylon fishing leader 
The leader was attached to the dipping 
short section of 


frame by means of a 


heavy rubber tubing, cut along one 
side, the nylon being threaded through 
The 
section of rubber tube, when placed 
the tube held 


the nylon leader in place by friction, 


a small hole opposite the eut 


around copper frame, 
and the rubber stopper could easily 
the 


also 


be raised or lowered to 
height. This arrangement 
mitted slide holder to be 


along the frame to any position, or be 


proper 
per 
the moved 
and for 
The rectangular frame, 24 
in. X 28-in., rubber 
Eight 
microscope slides, numbered, cleaned, 


removed for inserting slides 
cleaning 
accommodated six 
slide supports on each side 
similar 
depth in each of the rubber stoppers, 


and weighed, inserted to a 
were used as test surfaces. 
In ‘‘alternate dipping,’’ to expose 


slides alternately to air and liquid, 12 


fs 
« 
Arm 
| 
Gloss 
— — 
| 
: 
Ne 
# ! 
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short (800 mil. 


cylinders or beakers 
capacity) were employed. 


In ‘“‘submerged dipping’’ two types 
of containers were employed. For the 
majority of the experiments the ‘‘eyl- 
inder dipping’’ method was used, em 
ploying a series of 12 plastic eylin 
ders 13-in. deep, made from 314-in. 
Lucite tubing, and fitted at the bottom 
with No. 14 rubber stoppers. These 
vessels had a capacity of 1.5 1. 

For the ‘‘tank dipping’’ method, 
aquaria similar to those used for the 
‘tank recirculation’’ method were 
employed. This procedure permitted 
dipping all slides on one side of the 
dipping apparatus into the liquid con- 
taining vessel. 

As the ‘‘alternate dipping’’ appa- 
ratus operated, the slides on one side 
of the frame were lowered while those 
on the opposite side were elevated. 
The dipping apparatus was operated 
continuously for periods up to 26 days, 
with little or no mechanical difficulty. 
To sample slimes deposited on micro 
scope slides, the slides were merely 
from the slide holder at the 
interval. All laboratory 
studies employed test 
faces, and the sampling procedure was 


removed 
desired time 
slides at sur- 


similar for all, 


Field Methods 


Test surfaces employed in field stud- 
Standard 
microscope slides, as employed in lab- 
test 


ies were of two types: (a 


oratory studies, and (b) large 


plates made of various materials 


Slide Immersion Holders 


Field methods for supporting micro 
scope slides included various types of 
holders or racks made largely of cop 
per, The copper 
slide holders were constructed of sheet 


transite, or wood 
copper, folded to form: two end chan 
9-in and having a 
inside channel width. Channels were 
made sufficiently wide to accommodate 
the thickness of two miscroscope slides 
back to back. The channels 
were soldered together at the top and 


nels long 


placed 
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bottom by 
pieces 


connecting copper cross 
Hardware cloth (14-in. mesh) 
was soldered on one side, and a door 
of similar material was provided on 
the The hardware 
cloth was installed to prevent breakage 
of slides as the holders were 
moved around concrete walls. The 
door facilitated removal of slides and 
cleaning of the holder. A copper 
slide in the bottom of the trap enabled 
removal of microscope slides at sam 
pling intervals. A maximum of 18 
slides could be inserted into the slide 
holders, but the top and bottom chan 
nels were not used because of possible 
interference from the 
The slide holders 
pended from brass rods or on heavy 
copper wire 


opposite side. 


slide 


copper Cross 


pieces, were sus 


No corrosion of copper 
racks or Wires was encountered either 
in sewage or salt water, but galvanized 
hardware cloth completely deteriorated 
after four to six months in sea water. 

Since 
amounts 


slides containing large 
of slime could not 
from the copper 


channels, new slide holders were made 


be satis 
factorily removed 
of Transite and wood. The design of 
these hold 
ers used by Zobell for marine studies 
Transite slide illustrated 
in Figure 5. In this device, one face 
of each slide was exposed to growth 
and the other was flat the 
16-in. * 4-in. sheet of Transite. The 
16 slides on holder were sup 
ported vertically by 4-in. * 2-in. cross 
strips of Transite bolted to the large 
sheet. Slides were held in place by 
rubber bands, and were easily removed 
with no damage to the film. The hold 
ers were suspended by copper wire and 


was based on the wooden 


holders are 


against 


each 


were weighted down with lead strips 
bolted to the bottom of the Transite 
sheet 

Wooden similar in 
principle to the Transite holders, wer 
also provided; wood was used because 
of the high rate of breakage of the 
large Transite copper 
and Transite slide holders supported 
by wires were found to sway in the 


slide holders, 


sheets. 


| 
Ag 

| 

; 
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FIGURE 5.—Transite holders for suspend- 
ing microscope slides. 


current and to hit the walls of chan 


nels or treatment units, with re 
sultant breakave and loss of slides 
Transite sheets, as a back for slide 


were not 


holders, 


and lead weights 


sufficiently 
were found to breal 


sturdy 


off in the current 
slicl 


solid 


To meet these objections, new 


holders Figure 6 having 


wooden supports were constructed ot 
l-in lumber, &-ft 


pine long 


FIGURE 6.—Wooden holder for suspend- 
ing microscope slides. 
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FIGURE 
holder for microscope slides. 
cates Gurley Current Meter.) 


7.—Installation of wooden 
(Arrow indi- 


The wood was protected with two coats 


of aluminum paint Transite 


Cross 


similar to those used on the 


holders, 


rows of slides and heavy rubber bands 


strips, 
Transite slid separated the 
were used to hold the slides in place 

Each 


mounted in its selected plant location 


slic holder Was solidly 
by means of two flat iron strips bolted 
to the wooden support. The iron strips 
were bent to form hooks over the pipe 
illustrated 
wooden sup 


slick 


Lead weights were bolted to 


guard rails at the plant, as 
in Figure 7; the entire 
port was easily removable for 
sampling 
the bottom of the support to counter 
act the buoyant effect of the 
Slide holder 


wood 
mounted in the stream 
were supported on steel rods driven 
into the earth bottom and reinforced 
by guy wires attached to trees on the 
stream margins 

A modification of the wooden slide 
later con 


holders Figure 5. WHS 


structed This was designed to permit 


immersion of a larger number of slides 


| 


pee 
: 
at 
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FIGURE 8.—Modified wooden holders for 
suspending large numbers of slides. 


at a uniform depth at one location 
The mounted on wooden 
cross pieces attached to the vertical 
support rather 
support itself. 


slides were 


than on the vertical 


Test Plate 


Im merston 


In order to permit the exposure of 


surfaces of different types and of 


larger areas, special test plates were 


used for some field experiments 

either in conjunction with, or in place 
of, microscope slides. The test plates 
permitted studies of the effect of vari 
ous types of surfaces, as well as com 
parison of the larger surface area of 
glass plates with the surface of micro 
slides 


scope The surfaces em ploy ed 


included glass and various construe- 
tion materials (concrete, Transite and 
tile). Plates of standard con 
with and without coatings, and 


antibacterial 


vlazed 
crete 
special coneretes were 
also studied 

Initially, test plates were immersed 
in sewers. Test plates of glass, con- 
glazed tile and 


these 


crete Transite were 
studies The 
amount of suspended solids collected 
on the apparatus was so great that 
test plates were found to be obstructed. 
The apparatus was then moved from 


the sewer to an the 


employed in 


open channel at 
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Plainfield (N. J.) Joint Meeting Sew- 
age Treatment Plant, but obstruction 
in the comminuted raw sewage channel 
was still great (Figure 9). 

The test panels were then moved 
to a settled sewage channel at the same 
plant Very little obstruction 
curred in the settled sewage channel, 
and this location was considered prac 
tical for further study. All test plate 
data reported were obtained from im- 
mersion in this channel, 

The glass, glazed tile, concrete and 
Transite test plates were all 4-in. x 
4-in. in size. Glass plates were cut 
from double 
dow and the 
standard 


standard win 
panels 
Transite. 
tile plates were those 
The 4-in. x 4 


in. concrete plates were prepared ac 


strength 
vlass, Transite 
from a sheet of 


White, 


commercially available, 


vlazed 


cording to specifications recommended 
by the Portland Cement 
(A.'S.T.M. Spee. hydraulic 
cement The concrete was 
poured into wooden forms, and two 
wires were imbedded in each plate for 
reinforcement and attachment. 


Association 


mortar ) 


Con 


FIGURE 9.—Installation of test plates 
in raw sewage channel, illustrating solids 
collected after 20 hr. immersion. 
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FIGURE 10.—Unit-area sampler, test plate 
and sampling equipment. 

crete plate the 

for 24 


ture (65° F 


were 


kept 


hours at 


moist in 


forms room tempera 
then were removed and 
cured by submerging in tap water for 
3 days 


ing curing 


Water was changed daily dur 
The surfaces 
finished with a 
block wire 


of all plates 
wert Carborundum 


mason ’s brushed and 
washed 
Three sets 


in Six 


of plates were supported 

These 
concrete 
the 


connected by 


racks racks were con 
rod 
A-frame 
series of 


The 
support 


structed of reinforcing 


welded in form of two 


end 


pieces 


horizontal rods racks 


parallel, 


formed a stand for during 
immersion of the plates, and also for 
support of the plates removed for sam 
pling. The A-frame end pieces served 
as handles in inserting or 
Plates 


means of the 


removing 


racks were secured to the 


racks by wires imbedded 
in the 


were 


The assembled racks 
the effluent 
channel carrying settled sewage from 
the primary clarifiers at the Plainfield 

N. J Treat 


ment 


eonerete, 


lmmer sed in open 


Joint Meeting Sewage 
Plant 

Test plates of each type were sam 
pled at weekly intervals for a period 
of 6 weeks 
pler 


A special unit area sam 
10-em. 10-cm 
of sheet brass as illustrated in Figur 


was constructed 


10. This was placed on the surface of 
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the plate being sampled, and the slime 
was scraped into a bottle, using a soft 
rubber The test 
scraper and sampler were rinsed with 


scraper surface, 
distilled water by means of a plastic 
bottle the rinse water 
collected in the sample bottle. 

At the 


transferred to 


wash and was 


plant laboratory, samples 


were weighed dishes, 
dried over night in an oven at 105° C., 


cooled in a desiccator, and weighed 


Summary 


Methods 
slime formation in polluted waters un 
field 
The laboratory methods consisted of 


were developed to study 


der laboratory and conditions 
slides: (a) 


without the 
movement of either the substrate or the 


submerging microscope 


under static conditions 
submerged surface; (b) with exposed 
air lift recirculation, 
ment of the substrate over the contact 


inducing move 


surface suspended above the surface 
of the substrate; (¢) using submerged 
air lift recireulation, in which the con 
tact 
under the surface of the liquid, and 
in which 


surface was entirely submerged 
motion of the substrate was 
created by the air lift principle; (d) 
by alternate dipping and exposure, in 
which the slide surface was alternately 
dipped into the substrate and exposed 
to the air; and (e) employing a tank 


recirculation method, with static con 
tact surfaces and inducing circulation 
of the substrate by means of a stirrer 

For under field 


various dey ices were ce veloped. These 


studies conditions 
included é quipment for assembling and 
holding the microscope slides and test 
plates, for submerging the assembly in 
conduits carrying sewage and effluents 


and a special unit area sampler 
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A CONSTANT TEMPERATURE TANK FOR FISH 
BIOASSAY AQUARIA 


By M. Wetss 


Medical Laboratories, Army Chemical Center, Md." 


Fish bioassay has become particu- 
larly significant with the increase in 
pollution abatement programs and the 
necessity for establishing toxic limits 
for many chemical products that may 
he discharged into waterways contain- 
ing fish life (1)(2)(3). Laboratory 
bioassay of toxic under 
critical temperature control, may en- 
able the establishment of variable toxic 
limits depending on the temperature 
of the receiving body of water. Stud- 
ies of this type require a constant tem- 
perature bath flexible in adjustment 
through a fairly temperature 
range, and easily controlled within 
0.1° C. of the desired temperature. 

The constant temperature tank de- 
scribed here was designed for the pur- 
pose of evaluating under a variety of 
temperature conditions the toxicity of 
certain chemicals that might be intro- 
duced into water and which would be 
detectable by fish bioassay. The size 
and shape of the tank was limited by 
the space available in the laboratory. 

The particular feature of this con- 
stant temperature bioassay tank is that 
it is designed to hold fourteen, 12-in. 

(12-in., circular glass aquaria, each 
calibrated to hold 15 1. of water. The 
200-gal. tank is placed on a laboratory 
bench and oceupies an over-all length 
of only 108 in. and is 371% in. wide 
and 15 in. high. The aquaria are ar- 
ranged in two rows of each 
(Figure 1). Each aquarium is raised 
off the tank bottom by the use of 1%- 
in. wooden cleats extending only the 
diameter of the aquarium. 

Modifications of this design to ae- 
ecommodate more or fewer aquaria can 


chemicals, 


wide 


seven 


* Present address; Department of Sani- 
Health, 
Hill, 


tary Engineering, School of Public 
University of North Carolina, Chapel 
N. C. 


be done simply by extending or short- 
ening the tank. The temperature con- 
and water circulation system 
would probably require no change or 
modification for use in a tank with only 
8 aquaria or as many as 16 or 18 
aquaria. A four- or six-aquaria tank 
would probably require only one eir- 
culating pump and a smaller immer- 
sion heater. 

A cross section of the tank is shown 
in Figure 2. The dimensions are not 
critical, clearances and spacings were 
chosen to keep the size to a minimum. 
Cypress sheathing is used for the in 
terior tank surfaces that are in con- 
tact with the water. The outer sheath- 


trols 


FIGURE 1.—Constant temperature tank 
for fish bioassay. Top view shows immer- 
sion heater, cooling pipe fins, circulating 
pumps and general construction features. 
Bottom view shows arrangement of aquaria 
with plastic covers, 
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WATER BATH LEVEL 


IMMERSION HEAT! 
ELEMENT 


FINNED COOLING 
TUBE 


0} 


13 


37% IN 


FILLED TO 


15 LITERS 


10 IN 


FIGURE 2.—Cross section of the bioassay tank. 


ig Is ply wood Four tie rods 


brace the tank laterally 
The flexible 
hung in the 


immersion heater is 


center of the tank from 
rods and the finned 
ing pipes are laid along both 
the length of the tank (Figure 1 


cooling 


the bracing cool 
sides 

The 
which 
slightly above the tank bot 
These 
gether at one Y-In. copper 
pipe. The overflow 
of the cooling pipes are run up and 
the edge of the tank 
no subsurface 


pipes are set on blocks 
raise them 
tom pipes are connected to 
end with a 
intake and lines 
There are 


breaks in the 


over 
sheath 
ing for the passage of pipes or wires. 

Watertight integrity of the wooden 
tank was obtained by serewing pieces 
The 
wood were given several 
After the first filling 


several 


of quarter round in the corners 
surfaces of the 
coats of varnish 
with water small leaks de 
veloped but soon disappeared when the 
wood swelled 

The addition of a neon pilot light 
to the control circuit of the electronic 
relay provides a means for making a 


visible check 
bi-metal 


on the operation of the 
thermo regulator. Since the 
constant temperature feature depends 
on balancing heat loss by heat input, 
the on-off flicker of the pilot light in 
dicates that at the particular tempera 
ture setting the controls are function 
ing satisfactorily 

The two centrifugal stirrers located 


in opposite corners of the tank pro- 
vide the necessary circulation and mix- 
ing of the tank water. The stirrers 
draw the water up from the tank bot- 
tom and discharge down the length of 
the tank. The circulation 
capacity of 105 g.p.m. for each stirrer, 
plus the deflection of the water by the 
round aquaria, assure a high degree 


estimated 


of mixing and temperature uniformity 
throughout the With the 14 
correcting for 
the volume occupied yy the 


tank 


aquaria in place, 
aquaria 
fixtures, there 


is actually only about 105 val. of water 


and other underwater 
that is being circulated by the stirrers 
The 1,000-watt 


ably than 


heater is consider- 
needed to maintain 
the tank at normai roo:n temperature 
is hely to this 

when it is desired to 
raise the temperature of the cold wa 


larger 
Ilowever, it have 
extra capacity 
ter rapidly to the operating tempera 
ture. For example, a typical operating 
24-hr. bio 
terminating in the 


procedure may have one 


exposure 
morning. Refilling the aquaria with 
until 


the system is raised to the desired ex- 


fresh colder water means a wait 


posure temperature. On one oceasion 
water having a temperature of 19° C., 
was used to refill the 14 aquaria. The 
bath temperature had been 24° C 
and another bioassay run was started 
that same day. Heat transfer between 


the tank and water in the aquaria can 
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be sped up on such occasions by stir- 
ring the aquaria water approximately 
15 minutes. 

Heat input to the bath is obtained 
The bath 
is cooled by running cold water from 
the laboratory water supply through 
the finned cooling pipe. The radiating 
capacity of this material is remarkably 
high and very efficient cooling is ob- 
tained. Operating the bath at a tem- 
perature of 24° C. requires only a 
trickle of 11° C. water flowing through 
the cooling system to balance the in- 
put of the heater. Under these con- 
ditions the pilot light flicks on and off 
about 


every 


from the immersion heater. 


once every second. Operating 
the bath at a temperature of 12° 
C., which would be 12° C. to 13 
C. below room temperature, re- 


quires increasing the water flow to re- 
duce the tank temperature. When the 
new temperature is reached the thermo- 
until the heat input is 
balanced by the cooling, as indicated 
by the flicker of the relay pilot light. 

The temperature limit at 
which the tank can be operated is de- 
pendent the of the 
cooling water. In some areas of the 
country, particularly where the water 
may come from a surface water supply, 


stat is reset 


lower 


on temperature 


tank operation would become impos- 
when the of the 
cooling water supply increased above 
the temperature. 
This significant limitation 
for two to four months of the year, 
depending on the annual temperature 


sible temperature 


desired operating 
may be a 


fluctuation of the local water supply. 
If a dependable 
schedule is desired for warm weather 


more operating 


operation, a supply of cold water can 


be provided for circulation through 
the cooling line. This can be arranged 
by using a 50-gal. drum or similar 


container as a reservoir of cold water 
A small centrifugal circulating pump 
can be used to circulate the cold wa- 
ter through the cooling line. The vol 
ume of flow into the finned cooling 


tube could be regulated by a by-pass 
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line diverting part of the flow back to 
the reservoir or by adjusting the pump 
speed with a variable voltage regula 
tor. The necessary volume and flow 
of cooling water would be de 
pendent on the difference in tempera 
ture between the operating tempera- 
ture of the tank and the tem 
perature, 


also 


room 


During short periods of operation 
(6-8 hr.) the water may 
with ice and the flow of cooling water 
adjusted as the ice melts. For longer 
operating periods (24 hr. or more) it 
may be more feasible to use a small 
refrigeration unit to reduce the tem- 
perature of the cold water supply. If 
the refrigeration unit is set to hold the 
temperature of the cold water supply 
at about 10° C, below that of the tank 
temperature, the volume of the cireu 
lating cold water can be kept to a 
minimum, 

One feature of this tank is the ease 
with which the aquaria are readily re 
moved for change of water and clean 
ing. Lifting the filled aquaria from 
the bath is unnecessary. A length of 
hose is used to siphon the aquaria to 
any convenient floor drain. As the 
removed from the aquaria 
they float to the surface and are easily 
lifted out. In filling, the aquaria are 
floated into position in the tank and 
then filled by pumping water from the 


storage tanks 


be cooled 


water 1s 


References 

1. Doudoroff, P. B., Anderson, G., Burdick, 
G. E., Galtsoff, P. 8., Hart, W. B., 
Patrick, R., Strong, E. R., Surber, 
Kk. W., and Van Horn, W. M., ‘‘ Bio 
assay Methods for the Evaluation of 
Acute Toxicity of Industrial Wastes 
to Fish.’’ THis Journan, 23, 11, 
1380 (Nov., 1951). 


2. Freeman, Louis, ‘‘A Standardized Method 

Determining Toxicity of Pure 
Compounds to Fish.’’ THis JOURNAL, 
25, 7, 845 (July, 1953) 

3. Turnbull, Harry, De Mann, J. G., and 
Weston, R. F., ‘‘ Toxicity of Various 

Materials to Fresh Water 

Ind, and Eng. Chem. 46, 324 


for 


Refinery 
Fish.’’ 
(1954 


4 
Pt 

‘ 

cs 


THE OPERATOR’S CORNER 


Conpuctrep BY DonaLp P. ScuiesswouL 


SMALL-TOWN OPERATOR 


Successful operation of the larger 


sewage treatment plants frequently 


overshades the humdrum 
of the 


each 


operation 
small-town facility. However, 
satisfactorily 
facility 
important part in protecting the com 


health 


here 


operating treatment 
(large or small) is playing an 
munity 

But the similarity 
stops All too often the 


ewaye operator 


frequently 
small-town 
plant wears many 
utilities, all 


the utilities and municipal services of 


hats Superintendent of 


the community, is frequently the all 
title of 
result 


inclusive this city employee 
the sometimes unpleasant 
of attending to the elemental 


functions of the sewage treatment 


process and 
elected 

But 
there are a dozen demands on the op 
8-hr 
small-town 
The re 
lowa Operators (pre 
THs 
small-town operators 


equipment is badly ne 


what can be expected when 
hour It is no 
that the 


jack-of-all-utilities’’ 


erator’s every 


das week 


sé 


5 day 
puts in 
cent survey ol 
elsewhere in CORNER ) 
reveals that the 


work 50 to 4 


sented 
hours per week, often 
Often the 


who endeavors to keep the treatment 


7 days a week operator 


facilities operating must rely on his 
own material resources to do the job 

For this effort 
he is rewarded 


responsibility and 


with an 


average of 


£1.00 The 


know 


per hour small-town op 


erator does not the meaning of 


such taken-for-granted bene 


fits’’ 


fringe 


as paid vacation or sick leave 
Under these conditions, the small-town 
operator deserves a medal for staying 
on the job at all 

In this age of the 40-hr. week, paid 
other bene 
these 


reading 


vacations, sick leave and 


fits the 


make 


comments of operators 


unsatisfactory Com 
with the operator 


the personnel of the Racine, Wis. sew 


pared small-town 
age treatment plant (pop. 75,000) are 
quite fortunate 
This 


cr, 


See ‘‘Interesting Ex 
these 
than 
the prevailing average wage for skilled 


tracts,’”’ Corner Even 


operators receive less 
eraftsmen in the building trades 

The Iowa Operators’ Survey has per 
formed a real service, not only in add 
ing data on salary and working con 
ditions to the 


attention on the plight of the small 


record, but by focusing 
town sewage treatment plant operator 
The problem is a serious one 

We have talked professionalism, and 
urged Member Associations to improve 
the status of the Isn’t it 
just as important for all members of 


operator 


the profession to aid each other? 
Even as the operating profession aids 
the least of its 


benefit itself! 


does it 


D. P.S 


members, SO 
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1955 SALARY SURVEY OF IOWA SEWAGE WORKS 
PERSONNEL 


By Harris F. Serpe 


Superintendent, Water and Sewage Treatment, Ames, lowa 


In the last four years, the lowa 
Sewage Works Association has initi- 
ated and successfully developed both 
a voluntary certification program and 
a basic training program for sewage 
works operators. As a natural out- 
growth of the interest stimulated by 
these programs a salary survey was 
made to determine the present sala 
ries and working conditions of Iowa 
operators. 

The first step was a study of all 
previous salary surveys reported in 
the literature (1) (2) (3) (4). Much 
was learned by reviewing the methods 
used and the results obtained by 
others. 


Survey 


A survey form was prepared and 
tested on the employees of several 
plants; it was also reviewed by the 
Association’s officers. After many 
changes, to remove complicated and 
ambiguous questions, the survey forms 
were mailed in February, 1955. Re 
minders were mailed in March and 
again in July to help inerease the 
number of returns. 

A return of 43 per cent from the 
290 treatment plants canvassed was 
most gratifying. This was particu 
larly good considering that 162 facili- 
ties were operated by men who man- 
aged many or all of the municipal 
chores in towns serving fewer than 
1,500 people. Response in this group 
was 24 per cent. 


Classification of Returns 


The next problem was how to sepa- 
rate or combine the returns for a fair 
comparison. Should it be based 
strictly on plant grade, size of city, 
or neither one? The smaller towns 


presented an additional problem be 
cause in some the treatment plants 
have a full-time operator while others 
get only part-time attention from a 
city employee who may also be re 
sponsible for water, streets, ete. 

The final classification was a com 
promise, as follows: 


Grade | plants, 8 or more employees 

Grade I plants, 2 to 5 employees 

Grade I] plants, 5.000 to 10,000 pop 
ulation. 

Grade II and IIL plants, 2,000 to 
5,000 population (part-time oper 
ators separated from full-time op 
erators ) 

Grade Ill and IV plants, 1,000 to 
2,000 population (part-time oper- 
ators separated from full-time op 
erators ) 

Grade If] and IV plants, under 
1,000 population. 


These groups do not inelude every 
situation, but cover almost all the 
plants replying to the survey 

This classification corresponds to the 
grades of sewage treatment plants 
under the lowa voluntary certification 
program. Each grade is based on the 
population equivalent served and the 
degree of treatment. Grade 1 includes 
all plants, regardless of degree of 
treatment, having a population equiva 
lent of 30,000 or more, or a secondary 
treatment plant having a population 
equivalent of 15,000. Other grades 
have a correspondingly smaller popu 
lation equivalent. Considering con 
nected population only, few Lowa cities 
are large, but in terms of population 


equivalent there are several large 
facilities, 
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lowa Sewage Treatment Training and Salary Grade I Plants 


with 8 or More Employees 


Education 


Superintendent 
Asst. supt 

(Chief operator) 
Chie! mechani 
Shilt operator 
Lab. tech 
Mech. helper 


Laboret 


Salaries 


lor the large Grade I plants, a set 
of job descriptions was included with 
form It believed 
that a salary comparison for such jobs 
as chief shift 


would be useful only if based on a fair 


each survey was 


mechanic or operator 
comparison of the duties and responsi 
bilities. The 
given in the Appendix | 

salaries and other informa 


job descriptions used are 


Average 
tion for personnel of the large sewage 
treatment plants are summarized in 


Table | Kor 


paid in various cities is surprisingly 


most jobs, the salary 


TABLE II. 


Returns | Education 


Cirade | 
s or more employees 
(shift operators) 
Grade I 
2to 5 emplo 
Supt 
Principal operator 
(it 
5.000 to 10.000 pop 
CGirades IT. and III 
2 000 to 5,000 pop 
Full-time 
Part-time 
Grades and IN 
1.000 to 2.000 pop 
Full-time 
Part-time 
Grades ILL. and IV 
Leas than 1,000 pop 


Training and Salary 


Annual 


5,610 
1,805 


consistent The exception is the posi 


tion of superintendent which varies 
more than $2,200. 
The hourly rates shown are also av 


erages, reflecting actual working hours 


For example, if an operator reported 


an annual salary of $4,000 together 
40-hr. work two 
vacation, he was credited with 
10 hr 2,000 hr., 
hourly rate was calculated as $2.00 
Salary 


tion for personnel of all other sewage 


with a week and 


weeks 


50 weeks and his 


returns and other informa 


treatment plants are summarized in 
Table If. As might be expected, sala 
lowa Sewage Treatment Plants 


Salary ($8) 
Work Week 
Hr 


1,080 
3,650 


: 
Experience (¥ Salary ($ 
Retur 
Field Jot Hourly 
} 
2 7 all 2.40 
| 
10 10 2 of 8 1,160 1.04 
6 5 2 of 4 3,790 
ee 6 12 6 2 2 of 6 3,700 1.73 : 
| 
| 
4 Experience (Y | 
Vol 
Grade (No.) (Yr. | | Cert 
Field Jol | Annua lot 
8 | 10 8 1/3 | 3,850) 1.77 
5 17 13 |4o0f5 1.69 18 
5 6 | 1.46 1s 
13 10 |6of 13) 1.45 is 
15 6 |5 of 15) 3,020| 1.22 50 
10 § |4of 11] 3,300] 1.33 19 
5 S 5 201 5 2,540 | 
26 10 6 7 of 26 | 3,280 1.25 52 
42 10 5 of 32] 3,220) 1.22 53 
| 
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ries are lower for the small towns and 
small treatment plants. The compari- 
son suffers even more from the fact 
that the small-town operator puts in 
50 to 54 hr. a week, rather than the 
44 hr. which is the average for the 
Grade | shift operator. 

Probably the most striking revela- 
tion of this survey is the low status 
of full-time sewage plant operators in 
small towns, in comparison with gen- 
eral empioyees in similar towns who 
have a variety of jobs to perform (sew- 
age, water, streets, ete.). Full-time 
plant operators in towns of 1,000 to 
2,000 and 2,000 to 5,000 populations 
are paid an average of $212 and $252 
per month, respectively, while the 
part-time operators in similar towns 
are paid an average of $275 per month 
Far from being classed as a ‘‘special- 
ist,’’ the small sewage treatment plant 
operator occupies absolute bottom 
rung on the salary ladder. This salary 
comparison speaks louder than words 
in regard to the problems of small 
town sewage treatment plant opera 
tion 

Fringe Benefits 


By fringe benefits is meant such 
‘‘extras’’ as paid vacations and holi 
days, sick leave provisions and pay- 
ment for overtime or other emergency 
work In Grade I plants, the two- 
week vacation, 6 to 8 holidays per year 
and accumulative sick leave are stand- 
ard benefits. In addition, most of the 
men below the supervisory level receive 
either extra pay or compensatory time 
for overtime work 

For the small-town plant operator, 
the chances are no better than even 
that any or all of these are provided. 
This information is summarized for all 
sewage treatment plants in Table III 

Working Conditions 

In this age of the 40-hr. work week 
and overtime for industrial workers it 
is sobering to take a closer look at the 
position of the small-town sewage 
treatment plant operator. 
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‘‘T work 6 days a week, 9 to 10 hours 
a day. I am off Sunday except for 
about 2 hours at the disposal plant. 

‘In addition to operating the sew 
age plant I take care of the streets, 
park, water, municipal building jani 
tor, city dump and city marshal. A 
steady job for the whole year, 7 days 
a week. Sundays | just pump water, 
but it keeps you pretty close to home 
Can’t leave Saturday night and come 
back Monday morning 

‘‘T am the operator of both water 
and sewage systems. I take care of 
both plants on Sundays and holidays 
as well as week days. I have a helper 
3 days a week. | am on eall 24 hours 
a day. Any time left is mine, I get 
one week's vacation a year.’’ 

For the effort and responsibility, 
what does the operator receive? = In 
towns under 2,000 population, it is 
likely as not that he is receiving less 
than $1.25 per hour. In fact, 7 re 
turns showed salaries amounting to 
less than $1.00 per hour. Even in 
towns up to 5,000 population, chances 
are less than even that any payment 
(money or time off) is granted for 
overtime work, and about 1 in 10 that 
overtime is paid for in cash. Vacation 
policies are poor; one man reported 
receiving neither vacation time nor 
holidays for 17 years. Sick leave may 
or may not be granted when needed 
Under these conditions, the small-town 
operator deserves a medal for staying 
on the job at all 


Comparison With Other Surveys 
Ohio—1953 


In 1953 the Ohio Conference made 
a careful survey of full-time operator 
salaries, following an excellent study 
of the qualifications, duties and respon 
sibilities of sewage works personnel 
A study of the salary survey report 
(4) shows that, in general terms, shift 
operators in medium-sized Ohio sewage 
treatment plants were even then re 
ceiving $200 to $500 per year more 
than is now being paid for correspond 
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TABLE IV. Relative Pay Scales* 


Position 
Supt 1.61 1.46 
Chief Operator 1.22 25 
Chemist 1.26 
Chief Mech 1.20 1.08 
Operator-Mech 1.05 
Shift Operator 1.00 1.00 
Mech Helper 6 
Lab. Tech RS 
Laborer RS 


* Based on shift operator as the median 

' Adapted from median salaries, Table VI in 
published report (1) 

* Adapted from median salaries, Grade | 
plants 

* On this scale, the lowa Chemist-Lab. Tech 
rates 0.08 


ing jobs in lowa. In the larger plants, 
however, Ohio 1953 and Lowa 1955 sal- 
aries for most Jobs were the same or 
nearly so, except that the lowa plant 
superintendent is somewhat better 
paid. 


Pennsylvamia—1950 


Another valuable survey was con 
ducted by the Pennsylvania Associa 
tion in 1950 (1). Returns were re 
ceived from 60 plants in and near 
Pennsylvania corresponding generally 
in size to lowa Grade | plants. No sal- 
ary comparisons are made because of 
the time elapsed, but it is particularly 
interesting to note the relative pay for 
the different positions (Table IV), and 
to compare the scales derived from the 
two surveys, 


Towa—1951 


Of passing interest is a hasty survey 
of the larger Iowa plants made in 1951 
A comparison over the four-year pe 
riod shows that shift operators have 
had salary increases averaging 24 per 
cent and chief mechanics 18 per cent, 
while superintendents as a group have 
advanced only 13 per cent in salary. 
During this same period, wages paid 
to construction laborers and_ skilled 
craftsmen (3 trades) advanced 25 per 
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cent and 23 per cent, respectively, 
according to the Engineering News- 
Record index trends for the country 
as a whole 


Comparison With Other Jobs 
and Skills 


A salary survey is always open to 
the question: what is being paid for 
comparable work in other occupations? 
In an effort to provide an answer, a 
second survey was made of representa 
tive jobs and skills of various skilled 
crafts in lowa 


Crafts Nurve 


Questionnaires requesting current 
wage rates for 8 occupations were sent 
to the state employment service offices 
in 15 Lowa cities. In addition to crafts 
such as plumber and carpenter, an at 
tempt was made to gather data on jobs 
which could be considered at least re 
lated to the duties of a sewage plant 
operator or mechanic 

The 15 cities were selected for the 
best possible geographical distribution 
across Iowa. Of those surveyed, 12 
are in the population range of 20,000 
to 90,000. <A study of the results, 
which were quite complete, indicated 
that the size of the city had little ef 
fect on wage rates. While certain jobs 
paid 10 to 15 cents per hour more in 
the larger cities, others rated as well 
or even higher in the smaller cities 


TABLE V.— Wage Rates in 15 Representative 
lowa Cities 


Non-U nion 


8 per hour $ per hour 
Job Titlh 
| 

Aver-| Typical Aver Typical 

we | Range age Range 
Plum ber 282 | 2.70-3.00)| 1.08 | 1,.50-2.50 
PL Helper 1.86 |1.70-2.00 1.50 | 1.26-1.75 
Rlectrician 2.70 |2.00-3.00) 1.94 | 1.50-2.50 
Carpent 2.61 | 250-280) 1.94 | 1.50-2.50 
Laborer— Const 1.97 180-2.15 142 | 1.00-1.75 
Maint. Mech. I1.! 2.04 |1.70-2.15! 1.64 | 1.50-2.00 
Meter Reader® 1.66 | 145-180) 1.48 | 1.20-1.75 
Laborer W. Whe 1.64 140-180) 146 1.00-1.50 


' Corresponds to position of chief mechani« 
? Typical utility meter reader 
* Unskilled labor under supervision 
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Results 


The re this survey are 
sented in Table V. At the suggestion 
of the state 
union and non-union 
The 


each 


ults of 


employment service, both 
rates were con 
sidered 
with 
influence is 
benefited by 
the othe 
cities 
tent 


significance of this varir 
W here 


workmen ar 


community 
slight, few 


the union wage seal On 


hand, in strongly unionized 


even non-union men, if compe 


near union eal 
felt that thi 


basis for 


draw pay at or 

In general, it was 
vey provided a valid 
lowa work 


COMM parisons eware 


ployees live and work in and near 
cities surveyed; they are aware of the 
As a result the job 


the possibilities ot 


union scales 
attitudes, as well as 
attracting capable men for new open 
hound to be 


ings, are influenced by 


these conditions 


ASCE Survey 1955 


Karlier in 


1955 the American 
ety of Civil published 
the results of a 


cerned primarily 


salary survey con 


with civil engineer 


ing positions. For comparison, how 
ever, the following data were presented 
on average union wage rates across the 
country for certain erafts 
Hor 


‘lumbers 


' 
! 
Mlectricians 


( irpenter 


Plasterers 


Brick layers 


As might be expected, these rates are 
10 to 40 cents per hour above the union 
scale for the same trades in Lowa; yet 
Average 
rates for plasterers and bricklayers ar 
than the 


plant superintendent 


the pattern is similar union 


one third more 
Grade | 


receives, 


average lowa 
sewage 
and twice what the shift oper 
ators work week for 


10 hr 


earn Average 


the building eraftsmen is 36 to 


Summary 


One critical problem 


sury ey 


apparent in 


the lowa salary returns was 


AND INDUSTRIAL 


WASTES December, 1955 
the small spread in salary between the 
and the routine 
Surely the training, effort and respon 


top positions jobs 


sibility required of a superintendent 
of a large sewage treatment plant rates 
a higher salary 

The New England 
dustrial Wastes 


serious 


Sewage and In 
Association (6) has 
yiven consideration to the 


classification and licensing of sewage 


1946 


suggested minimum 


works personnel, culminating in 
with a schedule of 
salaries and recommendations for 
pace with the 
1947, a re 
the California 
Wastes 
sive job classification and salary sur 
vey project conducted by the City of 
Los Angeles. This provided a 
wealth of information on job and sal 
both 


keeping rising living 


Costs In port was made to 


Sewage and Industrial 


Association 7 on an exten 


report 


ary ratings for sewer mainte 


nance and sewage treatment plant 


employees 
When properly done. job study and 
evaluation have much to offer sewage 


treatment plant personnel. For one 
lowa plant, city-wide job classification 
$0 to 55 
1951 to 


jobs are on 


was largely responsible for a 


per cent pay from 
1955. As a 
a par with equivalent water and elec 
trie utility positions ; 


erease 


result, these 


something so un 
usual as to be worth reporting 


Conclusion 


Successful sewage treatment opera 
tion involves more than long hours and 
back; it 


understanding of 


a strong involves at least a 


general mechanical 
equipment of simple bacteriology and 
chemistry and the ability to keep 
records 

Successful 


treatment 


operation of the larger 


sewage taken al 
There is al 
both 


the ability and the pay of men in thes« 


plants is 


most for granted now 


ways room for improvement in 
plants, but such improvement has been 
steady in recent years 

For the very small treatment plants, 


the problem is different. Many plants 


‘ } 
ain 
| 
| 
\ 
| 
, 
‘ 
12 
: 
FF 


} 
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receive attention only one or two hours 
a day from a man who is poorly 
trained, poorly paid, and too busy with 
six other jobs to be interested. It has 
been said: ‘‘ You can’t get a good man 
for that money; and you can’t raise 
the pay until you find a better man for 
the job.’’ 

On the whole the sewage works sal- 
aries of Iowa operators are painfully 
low. They are less than the salaries 
received by any other group of muni- 


, No. 12 IOWA SALARY SURVEY 1409 


cipal employees and are below those 
received by any other employment 
group. 
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APPENDIX I—JOB DESCRIPTIONS GRADE I IOWA SEWAGE 
TREATMENT PLANTS 


Superintendent—In responsible 
charge of the sewage treatment plant. 

Assistant Superintendent or Chief 
Operator——In charge of shift operators 
and maintenance crew. Reports di- 
rectly to the superintendent, is respon- 
sible for work as planned. He does 
not take an &-hr. operating shift, but 
does some work with the operators, 
some with the maintenance crew; may 
do some laboratory work or some work 
on records. 

Chief Mechanic or Maintenance 
Foreman Responsible for all main- 
tenance and repair projects. This is a 
skilled job requiring training in a sew- 
age treatment plant or experience in 
another job. 

Shift Operator—Responsible for 
plant operation on an 8-hr, shift. He 
may report directly to the chief oper- 
ator or to the superintendent. Nor 
mally he has no one working under him 


(except in the larger plants) and does 
little maintenance work. 

Chemist or Laboratory Technician 
A skilled job requiring training in sew- 
age-laboratory techniques. This man 
normally reports to the superintendent 
and usually has no one working under 
him. Usually in charge of the labora- 
tory and does no operating or mainte 
nance work. 

Mechanic’s Helper or Maintenance 
Man—Works with and reports to the 
chief mechanic. The job is semi-skilled 
and provides training. Activities in 
clude a variety of odd jobs and some 
operating, but he is rated above a la- 
borer or he Iper 

Laborer or General Helper—May 
work with and report to various other 
men in the treatment plant. The job 
is unskilled and requires little or no 
training or experience. The respon- 
sibility is limited. 
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A DOUBLE DUTY OXIDATION POND 


By Epwarp O. SAMPSON 


Chief Operator, Sewage Treatment Plant, Oceanside, Calif. 


The 2.0 Oceanside Sewage 
Treatment Plant was designed to pro- 
vide intermediate sewage treatment 
using primary and secondary oxida- 
tors in series. After two years of ex- 
perimenting operation reverted to sim- 
ple primary sedimentation with sepa 
rate digestion (1). 


m.g.d 


Previous to the construction of the 
new sewage treatment plant in 1950, 
the treatment facilities consisted of a 
septic tank with two compartments, and 
an ocean outfall sewer 2,700 ft. long. 
The 12-in. cast iron outfall had 2,000 
ft. submerged offshore, with the dif 
fuser located 35 ft. below the water 
surface. This outfall line and septic 
tank were incorporated in the plans 
for the plant. The septic tank 
acted as a tank of 90,000 gal 
capacity during periods when the out 
fall sewer was overloaded. <A_ break 
in the outfall at about 60 ft. offshore 
increased the apparent 
15 m.g.d 

The initial population served was 
12,000 with a flow of 0.8 to 0.9 m.g.d., 
however, within four years the rapid 
population growth raised this to about 
20,000, with the summer 
tourists increasing this to 23,000 


new 


‘ "or 
surge 


capacity to 


influx of 
The 
flow averages 1.6 m.g.d. with peaks of 
1.8 m.g.d. in the summer. 

Early in 1954 it was obvious that the 
summer would be greater than 
the septic tank and outfall sewer could 


accommodate, 


flows 


and that relief would be 
needed when high tides coincided with 
flows. A natural estuary, im- 
mediately adjacent to che plant, was 
studied with the thought of using part 
of it as a temporary oxidation pond 


peak 


This pond would provide storage for 


excess flow during the peak flow 


periods 
A second use of the proposed pond 
would be to furnish a supply of water 


with a high dissolved oxygen content 
to recirculate through the treatment 
plant. Mixed with the influent sew- 
age the recirculated pond water would 
provide a source of oxygen useful in 
reducing odors in the treatment plant 
and reducing the prechlorination re 
quirements. 

Odor control had been a prime con- 
sideration since the plant was placed 
in operation. The treatment site is lo 
cated only 200 yd. from the ocean and 
within the city limits. Residences of 
35 to 40 located within 
a radius of 500 yd. of the treatment 
plant. 

Prechlorination requirements have 
been as high as 25 p.p.m. of chlorine 
with an additional 10 to 12 p.p.m. used 
in postchlorination for sterilization. 
Any reduction in this amount would 
be a distinct saving in operation costs. 


families are 


Pond Construction 

The natural topography was such 
that a five acre pond could be con- 
structed minimum length of 
artificial dikes. (Figure 1.) Dikes 4 to 
5 ft. wide at the top, were constructed 
with a dragline at a cost of $1.50 per 
lineal foot. Only 825 ft. of dike were 
needed, of which 325 ft. made a baffle 
dike to prevent short circuiting within 
the pond. The average depth of the 
pond when full is 3.5 ft. with a depth 
of 2 ft., minimum and a maximum 
depth to 6 ft. next to the channel of 
the estuary. 


with a 


The existing raw sewage lift station 
on the edge of the pond was to be 
utilized for returning pond effluent to 
the treatment influent. The 
pond surface level was sufficiently high 
to permit gravity flow over a 12-in. 
straight edge weir into the wet well. 
A control gate on the weir box was in- 
stalled to regulate the flow. The mix- 


plant 
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FIGURE 1.—Sketch of oxidation pond and recirculation lines, sewage treatment plant, 
Oceanside, Calif. 


ture of raw sewage from South Ocean- 
side and pond effluent would then be 
pumped through a 6-in. force main to 
the interceptor just outside the treat- 
ment plant. 

Construction of dikes and weir was 
completed on August 1, 1954. Filling 
the pond required three weeks to allow 
time for a good algae growth to get 
started. The pond was seeded with 
15 drums of pond water from a sewage 
oxidation pond located 15 mi. south 
of Oceanside. The seed water was 
carefully selected to prevent the start 
of any blue-green algae which have 
caused serious difficulty in oxidation 
ponds in this area. Microscopic ex- 
amination of the seed water revealed 
principally Chlorella with a few Sce- 
nedesmus. A small portion of the 
pond was filled, seeded and allowed to 
stand a week before adding additional 
primary effluent. As soon as D.O. tests 
showed a good oxygen content, more 
plant effluent was added until the pond 
was full and ready for recirculation. 


Early Recirculation Experience 


Actual circulation of pond effluent 
to the plant inlet was started the latter 
part of August, 1954 with varying de- 
grees of success. It was soon deter- 
mined that the pond loading limit 
could be easily exceeded, but the ca 
pacity of the lift station pumps was 
not sufficient to handle the desired in- 
crease in recirculation load. During 
peak flow periods (9 am to 12 m and 
6 to 9 pm) the lift station pumps 
could handle little more than the raw 
sewage flow. This limited the volume 
of pond effluent that could be added 
to the lift station wet well. However, 
the excess treatment plant effluent 
which was allowed to discharve to the 
pond could always be pumped out at 
night when the raw sewage flow was 
low. This accomplished the desired 
reduction in load on the outfall sewer 
during peak flow periods. 

Another disadvantage to this system 
was the fact that mixing pond effluent, 
having a high D.O. content, with raw 
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sewage in the wet well of the lift sta 
tion resulted in the depletion of all the 
the 


oxygen at that point. Therefore, 


mixture arriving at the main 


ceptor outside the treatment plant con 
olved although 


from this lift station usu 


tained no di 


the sulfide 


oxyren, 


Gxidized completely 


pit 


this handicap, a definit 


improvement in influent sulfides was 
observed and the chlorine consumption 
for prechlorination was 
cent This 


reduced 15 per 
nat urally 
There 


when the pond became 


improved the 


situation were some pe 


riods, however, 
overloaded and little or no 
detected 


recirculation was of 


oxyven 


could be During these pe 
little value 


except to dispo e of excess water INO 


riods 


provision wa iade for 

the pond effluent 

fall 

through the plant and thence to the 

outfall 
On one 


discharging 
directly to the 
except by 


out 


sewer, 


returning it 


occasion, shortly after start 
ing up the pond became septic due to 
overloading 


Commercial sodium ni 


TABLE I. 


rota 
Plant 


Determination made at 8 a.m 


? (‘ombined total influent before chlorination 


flow 


jased on raw sewngs 
per 
Prechk 
Prechlorination entire month 
Postchlorination started May 27 
* Includes pre and post-chlorin ition 


cent used in post chlorination 
rination Oct, 1-0 
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300 Ib. 
pond 


and 
the 
Within three 


days the pond started to revive. On 


trate was obtained were 


hand-seattered on surface 


from the shore two or 


another occasion, when the pond was 
inactive but not septic, an addition of 
100 lb. of sodium nitrate quickly got 
started again. This led to 
that nitrogen 


would be beneficial to the pond. 


the action 
the consideration more 
Since 
the digester supernatant contained 300 
p.p.m. or 
the supernatant was added to the pond 


more of ammonia nitrogen, 


through a separate line directly from 


This super 
320 to 360 


the secondary digester 
natant contained from 
p.p.m. B.O.D., an 
of 3,400 p.p.m 

aged 6,000 g.p.d 
effects of 
during January, February and March 
1955. This hea 


the pond has had to date 


average 
as CaCOn, 
Table I 


supernatant 


alkalinity 
and aver- 
the 


liquor 


shows 
adding 
was the hiest period 
The addi 
discontinued 
thought too 


tion of 
later 
load 


because of 


supernatant was 


when it was much 


was being placed on the pond 


increased flows. 


sewave 
xidation Pond Operation 


Supernatant 


Chlorine® 


Pond 
pl 


106° 
220" },430 
221° 430 

2,786 


2,030 


shal 
ie 
: 
| 
od 
i 
> 
= 
Month Oxid Pond Raw | D.O.1 Sulfides | 
med.) | gd re/ | | m) | Sewage | (ib. Added 
| (p.pan (g.p.d.) 
Sept. 1954 1.35 1.26 | | 
212 

187 1.21 35.4 52 «| «(1408 | 
Dec 140 | 127 | 242 

| 144 1.25 349 17 

one | 
1955 | 148 | 177 1 28 13.9 13.4 
Feb 1.49 164 | 1.33 1.310 
Mar 1.55 | 3,510 

Pe \ | 136 11.4 112 | 
pr 1.66 1.48 ov } 5.010 x 
Sept | 1.88 198 2.1 800 

v. 1955 | 1.7] 100 152 | 

i 
1 
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Small amounts of supernatant were 
added to the pond in June and August, 
but no conclusive effect was noted. 

Pond influent flow was not metered, 
but the effluent flow was measured over 
the weir. To determine pond loading 
a series of tests was established to com- 
pare the salt content of the pond influ- 
ent and effluent. With this informa- 
tion an evaporation rate, varying from 
11 to 16 percent, depending on the 
temperature and weather, was deter- 
mined each month. 

The volume recirculated to the plant 
inlet was used as a basis. To this was 
added an amount equal to the evapora- 
tion loss. From this total volume and 
the average B.O.D. of plant effluent, 
the B.O.D. loading of the pond was 
calculated. Loss from seepage was ig- 
nored, as it appeared to be negligible, 
based on frequent inspection of the 
dikes. The B.O.D. loading due to the 
supernatant was also included. 


Separate Recirculating System 


During the winter the pond proved 
to be of sufficient value in odor con- 
trol to warrant additional investment 
in a separate pump and recirculation 
line. Accordingly, a 5 h.p. close- 
coupled pump having 200 g.p.m. ea- 
pacity at a 50 ft. head was purchased 
A new recirculating line was con- 
structed of used asphalt coated 5-in. 
well casing, with mechanical joints. 
A reconditioned 3-in. water meter was 
installed on this line. The cost of this 
system was $950 and it was placed in 
operation on April 21, 1955 

Another improvement was to relo- 
cate the inlet to the pond 120 ft. north 
of the outfall bypass. The new inlet 
extended into the pond 12 ft. and was 
submerged one foot under the water 
surface. Originally the pond influent 
flowed through a short channel and 
then splashed down 2 to 3 ft. to the 
pond surface. The new arrangement 
removed another source of sewage 
odors. 


The new recirculating system pro- 
vided an increase in capacity up to 
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309,000 g.p.d., and now pond water 
supersaturated with dissolved oxygen 
could be blended with the raw sewage 
just upstream from the treatment 
plant inlet where full benefit of the 
oxygen could be obtained. It was soon 
learned, however, that the pond had a 
load limit beyond which septicity 
quickly resulted. It was hoped that 
loadings up to 50 Ib. or even 60 Ib. of 
B.O.D. per acre per day could be ob- 
tained. A safe maximum load now ap- 
pears to be about 45 lb. per acre per 
day (Table 1). Oxygen depletion dur- 
ing the hours of darkness was rapid, 
although D.O. contents as high as 35 
p.p.m. were present in the pond efflu- 
ent in the late afternoon, At 7:30 am 
this value would be as low as 2 to 3 
p.p.m. The recirculation pro- 
grammed to the D.O. content. Small 
flows (100 g.p.m.) were recirculated 
from 7:30 am to 1:30 pm, with the full 
capacity of the pump (210 g.p.m.) 
utilized from 1:30 pm to 11:30 PM. 
Very little, if any, pond water was 
recirculated during the period from 
11:30 pm to 7:30 am. The volume de 
pended on the sewage flow and the 
tides, which governed the amount of 
treatment plant effiuent required to be 
discharged to the pond. The pump 
operated at full capacity 24 hr. per 
day and the pond effluent that did not 
go to the plant inlet was bled off the 
recirculation line back into the pond 
near the inlet. This provided seed for 
mixing with the primary treated sew- 
age plant effluent going into the pond 

During the months of July through 
the middle of September, 1955, the out 
fall sewer was badly overloaded, espe 
cially when high tides coincided with 
peak flows. Consequently more pri 
mary effluent had to be by-passed to 
the pond than the pond could handle 
satisfactorily, resulting in overloading 
The average morning D.O. content 
kept decreasing through these months, 
although the D.O. content in the after- 
noon was usually 12 p.p.m. or more. 
The loading could not be reduced until 
the latter part of September, when the 
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population load decreased at the end 
The pond did 


not actually become septic, although it 


of the summer season. 


threatened to do so on several 
Days with plenty of sunshine 
helped to prevent such a nuisance from 
occurring. 


Occa- 


Mosquito Control 


As soon as the pond was started, as 
sistance from the San Diego County 
Department of Public Health, Mos 
Abatement Division, was re 
quested. Thereafter the pond received 
regular inspection by their field men 
and was sprayed when necessary. In 
the first few weeks of operation the 
pond was sprayed heavily and fre 
quently with a 5 per cent D.D.T. solu 
tion in diesel fuel oil. 


quito 


It was thought 
that the resulting oil film was hinder 
ing the algae growth, as evidenced by 
periods of septicity after heavy spray 
The toxicant 
1 per cent Lindane solution in 
This 
harm the 
effective than 
mosquito control, 


ing was changed to a 
water 
with a wetting agent mixture 
did not 


it was 


algae but 


D.D.T. in 


seem to 


less 


Mosquito breeding decreased during 
the winter months, but never did stop 
completely. With the return of warm 
weather the pond became heavily in- 
fested with a gnat population in addi 
tion to the mosquitos, and the Lindane 
fective Again D.D.T 
with occasional sprayings with 
toxiphene; finally in September, 1955, 
breeding 
ther 


algae 


was if was 


Lise ad 


fur 
The 


survived the oil 


was controlled, and no 


spraying was necessary 
successfully 
this time 

Another aspect of mosquito control 


Although the 


pond was too deep for any aquatic 


spray 


was the weed situation. 
growth in the water, vegetation grow- 
banks at the edge of the 
overhanging and 
perfect shelter for 
mosquito larvae and pupae. Accord 
considerable labor was necessary 


ing on the 


water and 


VTASSeS 
weeds provided 
ingly 
shoreline of the 
pond free from weeds 


to scrape the entire 


This proved 
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quite effective in the control of mos- 
quitos. In addition, weed killer was 
also used on the vegetation on the 
pond banks. 

Stocking the pond with gambusia 
affinis for mosquito control proved to 
be of little value. A total of approxi- 
mately 20,000 of these guppy type fish 
were added to the pond in three stock- 
ings. Very few fish were ever seen 
alive and dead ones occasionally were 
found. Gambusia are reputed to be 
avid consumers of mosquito larvae, but 
evidently they could not withstand the 
periods of low dissolved oxygen or else 
the pond water may have been too 
brackish for them. Gambusia are not 
effective on gnat larvae which grow in 
the bottom mud. 


Observations 


In the spring, when the water tem- 
perature in the pond 
about 60° F., daphnia moina, were 
found in the pond. These crustaceans, 
measuring not more than “po in. in 
length and having a reddish brown 
color, make excellent food for tropical 
fish. 

Luring periods of low D.O. content 
or septicity, daphnia appeared on the 
surface of the pond in large numbers, 
enough at times to color the entire 
north half of the pond. Crustaceans 
are oxygen consumers and, in addition, 
feed on algae. 


increased to 


They may have been a 


‘actor in the apparent poor perform 
ice of the pond. 


Daphnia were vis 
ible mostly in the early morning hours, 
but after a few 
when the oxygen 


hours of sunshine, 


content increased, 
they would seatter and submerge, to 
When 
the pond was in a healthy condition, 
daphnia were not observed, but they 
could be reeovered by seining with a 
cheesecloth net. When the pond tem 
perature rose above 80° F 


appear again the next morning. 


these crus- 
taceans disappeared until fall, when a 
new crop was hatched in cooler water 

Tubifex were 
seen in the bottom mud but presented 


worms occasionally 


no problem. 
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Summary and: Conclusions 


A five acre oxidation pond provided 
a place for the storage of primary sew- 
age treatment plant effluent when the 
capacity of a 12-in. ocean outfall sewer 
was overloaded during peak flow pe- 
riods. In a dual function the pond 
supplied effluent supersaturated with 
1).O. for recirculation, thereby decreas- 
ing the chlorine consumption and re- 
ducing odors. Recirculation rates va- 
ried from 12 to 14 per cent of the raw 
sewage flow. Oxidation pond capacity 
up to 45 lb. of B.O.D. per acre per day 
proved feasible. Had a larger oxida- 
tion pond area been available, a much 
higher recirculation rate could have 
been used, with the assurance that nui- 
sance odors could be almost entirely 
eliminated, 

The $2,500 cost of the dikes and re- 
circulation system was repaid in 15 
months through the saving in chlorine. 
As a surge tank, the pond provided 
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relief for an overloaded ocean outfall 
until plans can be developed for more 
adequate disposal, either through a 
new ocean outfall or enlarged oxida- 
tion ponds. The small-scale pond pro- 
vided fundamental data on which to 
base future operations. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘* A determined man can do more 


tools 


a loafer with all the 


Attention operators! 


Journal, 


with a rusty wrench than 


a machine Anon, 


hop. 


It will be appreciated if copies of all annual reports of both large 
and small plants sre sent to the Federation office for abstracting in this section of the 
Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa- 
tions, 4435 Wisconsin Ave., N.W., Washington 16, D. C 


Annual Report of the Racine, Wis., Sewage Treatment Plant for the 
Years 1953 and 1954 * 


By Tuomas T. 


The quantity of sewage treated has 
shown a gradual but important de- 
crease during the years 1953 and 1954. 
Average flow in 1952 was 14.482 
m.g.d., decreasing to 14.396 m.g.d. in 


* For last previous extract see THis Jour 
NAL, 25, 12, 1463 (Dee., 1953). 


Hay, Superintendent 


1953 and to 14.192 m.g.d. in 1954. The 
highest average daily flow was 21.285 


mgd. in 1951. This reduction can be 


attributed to two factors: (a) the 
elimination of storm water from the 
combined sewer system and (b) the 


reduction of infiltration in the system 


Nigh. 
= 
port 
ite. 
aM 


SEWAGE AND 


as a result of the follow-up of the 
tudy of the sewer system made in the 
rt of 1952 


conditions 


latter pa 


Operating were normal 


during these two years. This was very 
the 
of 1952 caused by the high water level 
Michigan. Treatment 


although activities of 


welcome after erratic conditions 


results 
the 


in lake 
were good 


expansion program caused some in- 


Effects 


were held to a 


terruption to plant operations. 
of thi 


minimum 


kind, howe ver, 


Construction Program 
The most 
ol 1953 Wiis 


Council in 


noteworthy development 
of the Ra 


initiating a fi 


the action ine 
Common 
nancial for treatment 


program plant 


and sewer system and 
This is 
of the treatment plant since it was 
1938. The 
the inclusion of ap 
proximately $200,000 in the budget 
for 1953 with the recommendation that 


the program be maintained for a three 


improvement 
expansion the first expansion 
put 
in operation in work will 


be financed by 


year pe! od 
New work planned in 1953 


the addit 


included 
ion of a pump for lift station 
No. 1, electrical work on the other two 
lift a 90-ft. diameter digester, 
sludge heat 


covered sludge drying 


tation 


pump exchanger, bar 


screen, six gla 


bed 


controls 


; and other appurtenant work and 
An appropriation of $200,000 

1 in 1954 to the bud 
geted in 1953 


Financing 


was adde funds 
without recourse to bond 


ing is expected to interest and 
other finance 


one-half the capital cost of 


save 
charges equal to nearly 
the im 
provement 
Funds were not appropriated in the 
1955 budget to continue the construe 
Reason for the decision 
additional 
extensive con 


tion program 
construction of 
that the 


program of 


to delay 
Clarifiers was 
struction separating 
and sanitary sewers had resulted in a 
reduction of flow. Another reason was 
to await a study of the results ob 


tained from experimental work with a 
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unit for 


The 


several 


flotation primary 


result of 


sewage 
treatment. 
a period of 


work 
demon- 
strated satisfactory solids removal and 


over 
months 


a more concentrated sludge could be 
1 with flotation than with con- 


obtained 
ventional methods. 


Plant Operation 
Although the 
been reduced, 
120 per the design capacity 
The B.O.D. of th was 
greater in 1953 than 1954, but this was 
due to a rainfall during the 
latter year. lowever, the digester 
loading was high, averaging 12,100 Ib. 


of solids 


flow had 
the present flow was stili 


cent of 


raw sewage 


raw sewage 


record 


dry wt.) per day for the 
095 Ib. 
per cubie foot of digester capacity per 
day. 

The ter under construction will 
double the plant digester capacity In 
with the 
gram the three 


two-year period, or of solids 


connection construction pro 
existing digesters 


1954 


interruptions 


were 


emptied in Construction work 


caused many of varying 
duration and required additional plan 
so that the 


not affected adversely 


ning and work treatment 


of sewage was 
Digester operation was impaired by an 


accumulation of hair from tannery 


waste which necessitated 11 hosings to 
break up the scum blanket Coopera- 
tion by the tannery reduced the amount 


ived 


maintenance 


of hair rect 


Routine inspection 


and schedules were fol- 
lowed so that the equipmeé nt and strue- 
tures received the attention necessary 
for good operation and maintenance. 
The problem caused by the waste wa 


ter from the chlorinator carrying chlo- 


rine which was released in the pipe 
New 
placed on the scrapers 
1 and No. 4 
and sprockets were exam 


galley was rectified chains and 
sprockets were 
in clarifiers No 
of the chain 
ined in thi 
ment 


Sections 


laboratory by the equip- 
manufacturer 
port was submitted 

Summary of the 1953 and 1954 op 


erating data is given in Table I: 


A complete re 


t Float-Treat system by Chain Belt Co. 
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TABLE I.—Summary of 1953 and 1954 Operation Data at the Racine, Wis., 
Sewage Treatment Plant 


Average 


Item 1953 1954 
Population: 
Per cap. sewage flow (gal.) .............. caves 197 194 
Settling tank retention (hr.) ........ 2.7 3.2 
Total solids: 
Settleable solids: 
Influent (ml. per liter) ..... Te 3.86 3.80 
pH: 
Effluent 7.54 7.86 
Suspended solids: 
B.O.D., 5-day: 
CR 96 63 
Chlorine demand: 
Raw sludge to digesters: 
Dry solids (%) 5.37 §.52 
\ Dry solids (Ib, per day) 12,443 
' Volatile solids (%) 62 59 
Digested sludge: 
Digested solids to beds (Ib. per day) .... 2,199 2,423 
Volatile solids (%) 39 37 
seks 0.87 0.98 
Analysis of dry sludge (%): 
Grease 3.55 
Gas, cu. ft. per capita per day .. 0.659 0.578 
Gas, cu. ft. per Ib. vol. ..... , ; 6.58 6.38 
Oxygen (%) . 1.2 1.2 
Nitrogen (%) .... ; 14 1.5 
Hydrogen (%) ..... 14 14 
Carbon dioxide (%) 31 31 
: Methane (%) ..... 65 65 
Operating costs ($): 
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Operating Personnel 


In 1954, four new men were placed 
on the staff required training 
Two men replaced staff losses due to 
a death retirement. An addi- 
and a 
helper were necessary through a reduc 
tion in the work week from 44 hr. to 40 
hr. The operating staff now consists of 
and helpers, five utility 
men and six operators including a re- 


and 


and a 


tional operator mechaniec’s 


two mechanics 
lief operator. Supervision is supplied 
by an engineer and a chemist 

For the preceding 8 years there had 
Kach 


operator is given an opportunity to at 


been no turnover of personnel. 


tend the short school and various op 
erators’ meetings on a rotation basis 

Personnel worked the following dis 
tribution of hours as listed on top of 
second column. 

In addition to the work at the treat 
ment plant, the operating staff put in 
1,162 hr. in 1953 and 1,698 hr. the 
following year in outside or off-site 
work of a maintenance nature for the 
city 


Salaries 


Salaries are set by the Finance Com- 
Wages 
constitute 65 to 68 per cent of the total 


mittee of the city’s council. 
Due to the inaugura- 
week on Jan. 1, 1954 
item inereased from 
$70,956.00. Another 


operating cost. 
tion of the 40 hr 
this budgetary 
$62,933.83 to 
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Hours 
1953 1954 
1,030 1,036 


Sewers 
Pumping stations 

1,923 
441 
38] 
Chlorination 
Channels and pipe gallery 
Comminutors 
Grit 


Clarifiers 


removal 


Digesters 
Drying beds 
Building maintenance 
Ground maintenance 
Equipment maintenance 


Adm, and laboratory 


Total 
Vacation 
Sick Leave 
benefit increase for employees was the 
lowering the 
number of years of service necessary 
to be eligible for three weeks vacation. 
Present annual salary scales are: 


from 20 yr. to 15 yr. 


Superintendent .. - 46,938.04 
3,800.49 
4,223.16 
3,983.16 
3,863.16 


Chemist 

Mechanic 

Mechanic helper or operator 
Utility man 


In addition to two weeks annual va- 


cation, 12 days per year sick leave is 
received and cumulative to 120 days. 
Surgical and hospitalization insurance 
is provided and all personnel are cov- 
ered by social security. 


Annual Report of the Ley Creek Sewage Treatment Plant, Onondaga County, 
N. Y., for the Year 1953 * 


By Unt T. 


The Ley Creek Sanitary District 
serves a small section of the city of 
Syracuse, the village of East Syracuse, 
several communities 
concentrated industrial 


unincorporated 


and several 


"Winner of the Hatfleld 1954, 
Class Il for sewage treatment plants serving 
populations of 10,000 to 100,000, 


Award, 


MANN, Superintendent 


sites. Resident population of the sani- 
tary district is estimated at 35,000, but 
the influx of many large industries has 
resulted in a population equivalent of 
approximately 100,000. 

Originally constructed as a public 
works project in the period 1935-40, 
the 4.5 m.g.d. activated sludge plant 
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replaced six small sewage treatment 
plants. The small volume of flow in 
Ley Creek requires a high degree of 
treatment. By 1945, the treatment fa- 
cilities were badly overloaded, necessi- 
tating enlargement to 9 m.g.d. in 1951. 

Treatment units consist of screens, 
grit chambers, pre-aeration tanks, pri- 
mary settling and aeration units. 
Separate sludge digestion is followed 
by sludge drying on either vacuum 
filters or drying beds. Sludge gas is 
stored in a 15,000 eu. ft. gas holder and 
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a 40,000 ecu. ft. digester. Chlorination 
of the plant effluent is practiced during 
the months of May through September. 

Present facilities provide pumping 
capacity for 40 m.g.d., primary treat- 
ment for 20 m.g.d. and standard rate 
activated sludge treatment for 9 m.g.d. 
Soil conditions at the plant site require 
the operation of a dewatering system 
to lower the ground water and elimi- 
nate danger of the tanks floating when 
emptied. Part of this system is used 
for process water. 


TABLE II.—Summary of 1953 Operating Data, Ley Creek (N. Y.) 
Sewage Treatment Plant 


Item Average 


29.72 


Rainfall (in.) 
Population: 


Connected (estimated) ........ 35,000 

Equiv., B.O.D. . 135,000 

Sewage flow (m.g.d.) 5.91 
Screenings (cu. ft. per m.g.) 4.2 
Grit (cu. ft. per mg.) ..... 6.75 


pH: 
Influent 
Settled ..... 
Final .. 
Settleable solids: 
Influent (ml. per liter) 
Primary effi. (ml. per liter) .... 1.4 


w 


Suspended solids: 

Influent (p.p.m. 314 

Primary effi. (p.p.m 154 


Plain aeration effl. (p.p.m.) .... 71 


Activated sludge effl. (p.p.m.) 19 
Combined effl. (p.p.m.) ....... 45 
Reduction (%) ...... $5.5 
B.O.D., 5-day: 
Influent (p-.p.m.) 459 
Primary effl. (p.p.m.) 310 
Plain aeration eff. (p.p.m.) 166 
Activated sludge effl. (p.p.m.) 24 
Combined effl. (p.p.m.) ...... 112 


Reduction (%) ........ oe 75.5 
Activated sludge data: 
Aeration period (hr.) cee 7.12 
Air consumption (cu, ft. per gal. 
sewage ) 1.97 
Returned sludge (% by volume) 27.6 
Mixed liquor suspended solids 
(p.p.m. ) 1,862 
Sludge index 103 


1 Ineludes plant effluent. 
2 Does not include debt retirement. 


Item 
D.O., aeration tank (p.p.m.) 
Excess activated sludge (cu. ft. 


per m.g.) . 2,530 

Chlorination: 

137 

Lb. per day . 525 

(ODM) cas 0.59 
Raw sludge: 

Pumped per day (eu. ft.) ..... 4,420 

Dry solids (%) 4.6 

Volatile solids (%) ......... 72 
Digested sludge: 

To drying beds (cu, ft. per day) 3,062 

pH 7.46 

Volatile solids (%) ........... 52 
Gas production: 

Daily average (cu, ft.) ...... 82,242 

Cu. ft. per lb. (dry) volatile sol- 

ids added 9 

Gas analysis: 

CO, (%) . 3% 


Power (k.w.h, per day) 


3,264 
Outlet stream analyses (p.p.m.): 


Upstream % mile: 


D.O. 7.6 
B.O.D. 14 
Susp. sol. 24 
Downstream % mile: 
D.O. 4.6 
B.O.D. 
Susp. sol 56 
Stream flow! (c.f.s.) 26.5 
Treatment costs (¢ 
Plant operation 174,517.00 
Debt retirement 343,760.00 
Per m.g.? $1.00 
Per capita 2 1,74 
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Operation 

Construction features of the plant 
permit operation as two separate units. 
During 1953, one-half of the plant was 


operated as a standard rate activated 
sludge plant while the other half was 
operated as a plain aeration plant. 
Each half of the plant 


proximately one-half of the flow except 


received ap 


when shock loads upset the activated 
sludge process At these times the 
flow was adjusted to permit plain aera 
tion of the larger part of the flow 
The combined effluent of the two see 


tions represented a suspended solids 


reduction of 85.5 per cent and a B.O.D 
Industrial 
plants per cent of the 
B.0.D. load to the treatment plant 
The population equivalent is 135,000 


reduction of 75.5 per cent 
produce 60 


when based on the B.O.D. load and 
81,500 when based on the suspended 
solids Daily analyses showed the 
strongest sewage had a B.O.D. of 800 


p.p.m. The aeration units experienced 
B.O.D. loadings of 57 to 90 Ib per 
1,000 cu. ft. of tank capacity. The 


been calculated at 60 to 
On 


overload has 
100 per cent of design capacity. 
many days the primary tanks fail to 
the B.O.D 


percentage of 


provide any reduction in 
load due to the high 
dissolved solids in the sewage. 

The activated sludge treatment, how 
constant with 


ever, remaitie d 


little 


quite 


change in solids, air 


supply, 
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aeration time, sludge wasted or rate 
of returned sludge. 

Reduction in the quantity of screen- 
ings (15 per cent) and scum (21 per 
cent) resulted in better digester opera 
tion. Digestion time was reduced, gas 
production per pound of volatile mat- 
ter was increased and there was no lost 
digester capacity due to heavy scum 
1.100.000 eu 
ft. of digested sludge was pumped ; 


layers. Approximately 
one-half to drying beds and one-half 
The filters were 
not operated because funds were not 


to lagoons. vacuum 
provided for the purchase of chemi- 
Almost 85 per the di 
gester gas produced was used by the 


cals. cent of 
blower gas engines and digester heat- 
The digestion 
units are overloaded about 17 per cent 


ing system present 


on the basis of design. 

The operation cost increase is at- 
tributed entirely to maintenance, As 
the equipment gets older the need for 
replacement increases. 


repairs and 


The operating staff numbers 27 and is 
responsible for the treatment plant 
and sanitary sewers. 


The most pressing operation prob- 
lems are due to industrial wastes and 
overloaded treatment units. Each year 
these conditions become more aggra- 
vated, It difficult 
of industrial wastes, although 


to control slugs 
the in 
dustries have been most cooperative 

A summary of operating data for 


in Table II 


1953 is viven 


SCALE MODEL SEWAGE TREATMENT PLANT 


A scale 
plant that 
the 
understanding 


model sewage treatment 
actually operates has aided 
San Diego, Calif. in 
this vital municipal 


igned and constructed un 


eitizen ol 


service Ly 
der the supervision of Erie V. Quart 
Superintendent, Sewage Treat 
the model (Figure 1 


represents many hours of diligent work 


ley, 


ment Division 


by div ision personnel 


The model is built to a horizontal 


scale of approximately 1 in. to 10 ft. 
while the vertical seale is slightly ex 
aggerated to permit the showing of 
equipment details. Measuring 5 ft 


by 8 ft. in plan the unit is mounted 
on a sturdy table fitted with casters 
to facilitate moving. A wood frame 
glass cover protects the model when 


on display 
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FIGURE 1.—Working model of the San Diego, Calif., sewage treatment plant. Note use 


of plastic and cut-away sections to reveal working details. 


Sewage treatment plant operation is 
simulated by the model through the 
utilization of colored water for sewage 
and sludge A small centrifugal 
pump actually pumps the sewage and 
sludge to the various treatment units. 
Two waste gas burners utilize butane 
gas when the model is operating. A 
110-v. electric circuit permits street 
and building lighting and furnishes 
power for pumps and blower. 

Use of plastic walls and cut-away 
sections permits a ready inspection of 
the inside details of the buildings and 
One of the clarifier-aera- 
tion units is empty to permit observa- 
tion of the rotating sludge scraper 


equipment 


mechanism. The second unit is in- 
cluded in the sewage flow pattern, with 
air being added to the aeration sec- 
tion through the use of an aquarium 
pump. Several of the digesters have 


plastic covers and are empty for in 
spection purposes. The dome of one 
of the digesters periodically rises and 
falls to simulate gas storage. Several 
other similar features complete the 
working phases of the model. 
Constructed primarily for use at a 


county fair several years ago, the, 


model has been used for display at 
civic affairs and other public gather- 
ings. It also has been useful as an 
in-service training medium for new 
Visitors to the 
treatment plant get a better grasp of 


r 


operating personnel, 


plant operation if they are first given 
a tour of the model 

Since most of the work on the model 
was done by volunteers there is no 
accurate record of the cost A fair 
cost estimate given by Superintendent 
Quarterly is approximately $3,000.00 
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TIPS AND QUIPS 


Sludge Shovelers 


The Select Society of Sanitary 
Sludge Shovelers, California Branch, 
formally initiated David B. Lee, Fed- 
eration Past-President and Executive 
Secretary Ralph E. Fuhrman at the 
Federation’s Annual Dinner in At- 
lantie City. Administering the oath 
was Fred Nelson, Director from Calli- 
fornia, ably assisted by Alvin Appel. 
Each candidate was presented with a 
polished brass shovel symbol of their 
elevated status. 


Reflective Paint 


Recent mention was made concern- 
ing reflective sheeting for signs (THis 
JOURNAL, 1213, Oct., 1955). Now the 
same manufacturer, Minnesota Mining 
and Manufacturing Co., St. Paul 6, 
Minn., has made available a reflective 
paint specifically designed for appli- 
cation to wood, concrete, and other 
rough or porous surfaces. 

The new reflective liquid is light 
grey in daylight and blends with con 
crete or light-colored objects. But at 
night it reflects a bright silver, about 
50 times brighter than white paint. 
Application is economical, being made 
by brush or spray-gun, and one coat- 
ing lasts for approximately a year, 
depending on weather conditions. 

Called Codit reflective liquid (No. 
7210), it is available in 4-lb. pails 
for $5.30 per lb. One pail will re 
flectorize more than 140 sq. ft. of area. 


Typhoid Fever 


The provisional rate for typhoid 
fever reported by the U. 8S. Public 
Health was 14 per 100,000 
estimated population for 1954 in the 
United States. Rates by individual 
states ranged from a low of .2 
per 100,000 population to a high of 
7.8 cases 


Service 


cases 


A handful of states in the South 
and Southwest have case rates above 2 
per 100,000. There still is much work 
to be done in the field of sanitation. 
An awareness of this need by all of us 
may useful purpose in our 
public relations contacts. 


serve a 


Resistant Glass Electrodes 


A new type of pH-sensitive glass 
which will benefit both laboratory and 
process control users has been an- 
nounced by Beckman Instruments, 
Inc., Fullerton, Calif. Electrodes with 
the new formula glass are good over 
the entire 0 to 14 pH range at tem- 
peratures from 15° C. to 100° C. 
They are particularly valuable in the 
range above pH 10 where other elec- 
trodes fail to perform satisfactorily. 
In addition, the new glass electrode 
offers improved acids, 
surface deterioration, and 
alkalis. 


resistance to 


aging 
aging 


Dry Bait Fly Killer 


Particle size is important in a dry 
bait fly killer according to a California 
Spray-Chemical Corp. announcement. 
‘‘A study of fly feeding habits re- 
vealed that the insects like to pick up 
particles of a size relative to the size 
of a football to man. They can’t eat 
a particle of this size, any more than 
a man could football. <A 
single particle, therefore, may serve 
as a final meal for a number of flies.’’ 

Ortho Fly Killer Dry Bait is a new 
product introduced by Calspray for 
killing both resistant and non-resistant 
house flies. It is reported that in ad- 
dition to the particle size, the new 
bait owes its effectiveness to the per- 
fection of a formulation containing 
an ‘‘attractant’’ more effective than 
sugar-based formulas, and that 
is unaffected by moisture 
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Although less toxic than many or- 
ganic chemicals in common use, the 
usual precautions recommended for all 
pesticides should be observed. 


Greenhouse Sludge Drying 
The 1953 operation report of the 
Hamburg, N. Y. sewage treatment 
plant (population 6,000) presented the 
following sludge drying times for the 


use of glass-covered sludge drying 
beds: 
Drying Time (Days) 

Month Max. Avy. Min. 
Jan. 35 22 19 
Feb. 30 20 18 
Mar. 32 22 20 
April 30 15 12 
May 25 14 12 
June 25 17 14 
July 20 18 10 
Aug. 15 13 s 
Sept. 18 15 12 
Oct. 25 20 15 
Nov 30 22 20 
Dee 35 39 20 


Two glass-covered sludge beds, 60 ft. 
by 65 ft. and 59 ft. by 124 ft., are 
utilized. Total bed area is 21,000 sq. 
ft. and sand depth is 4 to 6 in. Ap- 
proximately 7,500 eu. ft. of wet sludge 
is applied each month with the depth 
of the dose varying from 4 to 6 in. 
The Imhoff tank digested sludge is not 
conditioned with chemicals. Sludge 
pH averages 7.4. 


Economical Air-Dried Sludge 


H. B. Holeomb, chief operator of 
the Cortland, N. Y. sewage treatment 
plant, reports* that the demand by 
local farmers for dried sludge has re- 
sulted in the abandonment of the 
vacuum filters. The air-dried sludge 
is now obtained from an enlarged dry- 
ing area and from a three-section la- 
goon. The sludge is used on oats, 


* Extracted from 1953 operating report. 
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corn and grass. There is no charge 
for the sludge removed from the la- 
goons. The funds used previously for 
conditioning chemicals for sludge fil- 
tration have now provided a 3,500 ft. 
asphalt drive to the treatment plant. 
The treatment facilities serve a popu- 
lation of 19,000. 


Gamma-Ray Sterilization 


Noted recently was the statement 
that ‘‘after six months of research 
sanitary engineers have demonstrated 
that water-borne sewage can be steril- 
ized by gamma-radiation without acti- 
vating or leaving residual radiation 
in the treated liquids.’’ 

Gamma-rays have been used effec- 
tively by the U. S. Army and Atomic 
Energy Commission in the radiation 
sterilization of certain foods. It is 
not improbable that some manifesta- 
tion of this atomic age will be a com- 
mon feature in the sewage treatment 
plants of tomorrow. 


Program Titles 


‘““Who Invented Filters and How 
Did They Grow?t’’, ‘‘The Wild Life 
Found in Filters,’’ and ‘‘What Are 
Those Bugs Doing on Those Rocks?’’ 
are a few of the titles of the pres- 
entations made on the panel discussion 
‘“Trickling Filters, A to Z’’ presented 
at the 1955 Iowa Association Meeting. 
Interesting titles for good presenta- 
tions such as these are needed both at 
local and national meetings. Many 
good interesting papers go unread or 
receive only passing notice because of a 
title that dulls the reader’s appetite. 
We aren’t recommending catch titles 
to compete with the popular fiction 
magazines, but we do think that the 
1956 program chairmen should con- 
sider incorporating a little reader ap- 
peal in the program. 
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Reviews and Abstracts* 


Extractive Production of Vitamin B» from 
Milorganite. By W. F. Stevens, B. 
WoLNAK anp R. Zinn. Chem. Eng 
Prog., 51, 4, 163 (Apr. 1955). 

This article describes the process that has 
been developed to extract Vitamin Bus, with 


special emphasis on the pilot plant tests by 
i 


which commercial operation of the process 


was proved feasible. 


In the pilot plant the Milorganite was 


prewet by concentrated extract solution in 
an agitated tank. From this tank the re 
ultant slurry overflowed to the slowly 


moving surface of a horizontal filter, where 


the solid was 


counter-currently washed with 


| progressively weaker liquors until prac 
tically all the soluble solids had been re 
covered. The remaining wet solid was dis 
charged from the filter and redried, pro 


ducing a product unchanged in fertilizer 


value, 


The concentrated extract liquor is drawn 
thick 


yrup, and spray-dried to produce Vitamin 


off continuously, evaporated to a 


Bis suitable for animal feed enrichment. 
Flow diagrams and tables indicate the 
patented operating procedure. Pilot plant 
tests indicate an average Bw recovery of 
18.2 mg. per |b. of concentrate. A plant to 


handle 8 tons of 


Milorganite per hour is 


envisioned LANGDON PEARSE 


The Treatment and Disposal of Sewage 
Sludge, a Report of an Informal Work- 
ing Party. Ministry of 
Local Government, London. H. M. Stat. 
Off., London, (1954). 
This is a comprehensive report by a eom 

British 

on sewage sludge practices in Great Britain, 

with comment on U.S. 
The main 

(4 pp.); 

hydration (15 


Housing and 


Eng. 64 pp. 


mittee of engineers and chemists 


practice, 


topics are: extent of problem 
treatment 


pp.); final 


sludge 


(13 pp.); de 
disposal (11 


might be suitable for abstracting in Tus Jot 


stream pollution control agencies, research or 


ticularly desired Address such material 


4435 W isconsin Ave 


* Please send to Federation headquarters all 


Fed 


ration of Sewage 


, N.W., Washington 16, D. 
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pp.); production, use and sale of by- 
products (9 pp.); costs (1 p.); discussion 
of problem (5 pp.); and conclusions and 
recommendations (4 pp.) The committee 
recommends that the larger sewage disposal 
authorities be encouraged to continue or to 
initiate research into the practical aspects 


of new processes of sludge treatment. 


The report is worth reading and may be 
for $0.65 from the British In 
formation Services, 30 Rockefelier 


New York 20, N. Y. 


obtained 
iaza, 
LANGDON PEARSE 
Recent Research Work at the Northern 
Outfall Works of the London County 
Council. By A. Bruce, G. 8. CLEMENTS, 
AND R. J. Stepuenson. Jour. and Proc. 
Inst. Sew. Purif. (Brit.), Part IV, 238 
(1953). 
The following in- 
vestigations, carried on over the last four 
years: 


authors diseuss the 


Sludge Freezing—Laboratory experiment 
would indicate that 


amenable to treatment on some 


on frozen sludge 
sludge S pare 


paper-making machines. 


Availability of Nitrogen Results defi- 
nitely indicate that the nitrogen in ae- 
tivated sludge compares favorably with 


that in dried blood as regards availability, 
and it is more readily available than the 
nitrogen in other sludges. 

Digestion of Activated Sludge—A con 
siderable loss of nitrogen in the sludge 
concentrated ac 
tivated sludge was digested 12 days at 85° 
and 100° F, 


Sludge 


solids was noted when 


Concentration—A picket-fence 
ik used on primary sludge pro 
duced an total solids in the 
lower 6 ft. of sludge thickened. 


Concentration of 


thickener t 
Increase in 
activated sludge in a 
settling tank indicated that sludge with an 


initial solids content of 0.7 per cent could 


riodicals b 
Publicati 


tions, 


lletins, special reports, ete., which 
ms of public health departments, 


and educational institutions are par 
and Industrial Wastes Agssns., 
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be continuously concentrated for periods 
up to 8 days, producing an average solids 
content of 3 per cent. 

Chlorination—Experiments on chlorina- 
tion of the primary effluent from the 
Northern Outfall Works in the summers of 
1951 and 1952, on the basis of satisfying 
one-third of the 15 min. chlorine demand of 
140 m.g.d. (Imp.), indicated that the ef- 
fect of chlorination on the river was in- 
sufficient to justify the expenditure. 

Diffuser Tile Cleaning—Results of three 
years of studies indicated the use of chemi- 
cals in cleaning diffusers was helpful. 

Flow Distribution—At the Northern Out 
fall Works the distribution of flow and 
strength of the sewage during 24 hr. was 
similar to that found 20 yr. before, but the 
average hourly flow had increased from 7.1 
to 8.3 m.g.d. (Imp.) The peak flow rose 
to 300 m.g.d. (Imp.) by midafternoon, as 
compared with 100 m.g.d. (Imp.) at 6 a.m. 
About 14 per cent of the total pollution 
load oceurred for an hour at 4 P.M., as 
compared with 3 to 4 per cent at 6 a.m. 
The total B.O.D. ranged from 3,520 to 
11,440 lb. per hr. and the suspended solids 
from 7,260 to 30,140 Ib. per hr. 

LANGDON PEARSE 


The Numbers of Pathogenic Bacilli in 
Faeces in Intestinal Diseases. [Ly 
Scorr THomson. Jour. of Hyg., 53, 2, 
217 (1955). 

Gastro-enteritis caused by certain varie 
ties of B. coli is a highly infectious disease 
among babies. Large numbers of patho 
genie varieties of B. coli were found in the 
faeces in such cases, but very large num 
bers of the pathogenic B. coli were also 
found in dysentery, salmonella food-poison 
ing and in some cases of paratyphoid fever. 

H. HEUKELEKIAN 


Potential for Steel Mill Waste Disposal. 
Electrolytic Treatment of Waste Sul- 
fite Pickle Liquor Using Anion Ex- 
change Membranes. By C. Horner, A. 
G. Wrycer, G. W. Bopamer R, 
KUNIN, Ind, Enq. Che m., 47, 112] 
(1955). 

Reports on a laboratory seale experimen- 
tal unit are given. A comparison of the 
cost of treating waste pickle liquor with 
lime and ion exchange membranes is given. 
Present cost estimates indicate that the 
process should be economical because sul- 
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furie acid in a usable concentration and 
iron can be recovered thereby reducing the 
operating cost. R. 8. InGous 

Identification of Petroleum Refinery 

Wastes in Surface Waters. By A. A. 

Rosen anp F. M. Mippietron. Anal. 

Chem., 27, 790 (1955). 

The aliphatic and aromatic hydrocarbon 
fractions separated from the wastes of five 
refineries showed infrared spectral pat 
terns which were similar and sufficiently 
characteristic to suggest their use for iden 
tification, The organic materials in three 
samples of surface waters containing vary 
ing amounts of refinery wastes were concen 
trated with activated carbon. Hydrocarbon 
fractions separated by chemical procedures 
were found by their infrared spectral pat 
terns to be similar to or derived from the 
refinery wastes. This method provides 
chemical evidence of the presence of low 
concentrations of hydrocarbons in petro 
leum refinery wastes independent of sub 
jective methods, yet with good sensitivity 

R. 8. Incous 


Water Analysis. By S. K. Love ann L, L. 
THatcner, Anal. Chem., 27, 680 (1955). 


A review of methods of water and sew 
age analysis covering articles appearing 
over a two year period with 248 literature 
citations. R. S. Incous 


The Isolation and Characteristics of an 
Organism Oxidizing Thiocyanate. By 
KF. C. Haproip, K. I. Jounstone, H. J. 
Rocers ann Jean B. Youarr. Jour. of 
General Microbiology, 10, 1-3, 261 
(1954). 

The isolation, morphology, cultural char 
acteristics and growth requirements are de 
scribed for an autotroph that oxidizes thio 
cyanate, It is suggested that the organism 
be assigned to the genus Thiobacillus. 

H. 


Dosing Rates and the Efficiency of Perco- 
lating Filters. By T. G. Tomiinson 
AND H. Hat. Surveyor, 114, 145 
(1955). 


Experiments were performed with two 
pairs of alternating double filters to de 
termine the effects of the speed of the 
rotary distributors on the results obtained. 
On the control pair of filters the dis- 
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1426 SEWAGE AND 
tributors were driven by the reaction force 
The 
olution varied from about 1 to 
The distributors of the other pair 
were electrically driven at predetermined 


spe eds. 


of the sewage issuing from the arms. 
time per rey 


5 min 


The purification results obtained with the 
fixed-speed distributors may be summarized 
as follows: 


Revolution Effluent Effluent 
Time B.O.D NOs +NO, 
(min.) (% of control values) 

8 105 130 
15 70 258 
30 66 293 
42 116 224 
55 264 


The authors also observed that with the 
lower rate of rotation, the condition of the 
filters was improved; there was less pond 
and the film 
anaerobic. 


ing, thinner and less 


M. C. Ranp 


was 


Report of the Water Pollution Research 
Board for the Year 1954. Dept. Scien 
tific and Ind. Research. H. M. Stat. Off., 
London, 8.E. 1, Price, 
$0.75 (1955). 

The 1954 annual report of the British 

Water Pollution Research includes 

an account of the new laboratory in Steven 


hing 65 pp. 
PI 


sJoard 
age. The field investigations and experi 
mental work in connection with the survey 
of the Thames 
Investigations on the effect of pollution on 
fish in the Colne river are described. 
Studies on the effect of 


sewage have 


estuary have been completed 


detergents on 


treatment been inconclusive. 
Detergents may reduce the rate of oxygen 
absorption from the atmosphere, thus de 


laying the rate of recovery of a polluted 


stream. In addition detergents are toxic 
to fish. 

The work on the treatment of water, 
sewage, and industrial wastes included 
studies of large and small percolating 
filters. Successful treatment of cyanides 


by the organis 
filters and the anaerobie digestion of par 


m Actinomycete on trickling 


tially neutralized black liquor from kiering 
cotton were discussed. 

Copies of the report also can be obtained 
from the British Information Services, 30 
Rockefeller Plaza, New York 20, N. Y. 

D. P. 8. 
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BOOKS, REPORTS, 
AND PAMPHLETS 
Organic Chemistry Simplified. Chemical 


Publishing Co., Ine., 212 Fifth Ave., New 
York 10, N. Y. 620 pp. Price, $12.00 
(1955). 


Estimated Water and Sewerage Construc- 
tion Yost of Projects Remaining in the 
Advuace Planning of Nonfederal Public 
Works Programs. U.S. Dept. of Com- 
meree, and Defense Services 
Adm,, Washington 25, D. C. 34 pp. 
Price, $0.20 (1955). 


Susiness 


A Better Air Power System. Publ. Form 
213-A, Ingersol-Rand Co., 11 Broadway, 
New York 4, N. Y. (1955). 


Pipe Friction Manual. Hydraulic Insti 
tute, 122 East 42nd St., New York 17, 
N. ¥. 87 pp. Price, $1.75 (1954). 
An excellent manual presenting mathe 

matieal caleulations and example problems 

on pipe hydraulics. Ineluded are valuable 
tables and full page charts on resistance 
coefficients and friction losses. 


Tapping Manual for Prestressed Concrete 
Pipe. Price Brothers Co., P. O. Box 825, 
Dayton 1, Ohio (1955). 


Silent Service Is Not Enough! American 
“Assn., 521 Fifth Ave., New 
York 17, N. Y. 152 pp. Price, $1.50 
(1955). 

A collection of excellent articles of public 
relations techniques and ideas for water 
utilities as reprinted from the Dee., 1954 
Journal AWWA. 


The 
Manufacturers 
St., N.W., Washington 4,. 


85%, Magnesia Insulation Manual. 
Magnesia Insulation 
Assn., 1317 F 
This revised second edition covers the ap 

plications, and chemical and physical prop 

erties of 85 per cent magnesia insulation. 


Water Pollution Abatement Manual. 
Manufacturing Chemists Assn., Ine., 1625 
Eye St., N.W., Washington 6, D. C. 
12 pp. Price, $0.25 (1955). 

Manual W-4 discusses the permissible 
concentrations, sources and removal of oils 
and tars. 
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Proceedings of the Ninth Industrial 
Waste Conference. Eng. Bull., 39, No. 


2 (Extension Series No. 87). Purdue 
Univ., Lafayette, Ind. 591 pp. Priee, 
$2.50 (March, 1955). 

The papers included in the “Proceed- 


ings” are those presented at the Ninth Con- 
ference, held May 10-12, 1954, as follows: 

“Applications of Ion Exchange to Plat- 
ing Plant Problems,” by R. T. Keating, R. 
Drovin and V. J. Calise. 

“Factors in the Development of an In- 
dustrial Waste Ordinance,” by W. G. 
Hamlin. 

“Industrial Waste Treatment at the 
Ternstedt Division—F lint Plant,” by John 
8. Delos. 

“Disposal of Organic Chemical Wastes to 
Underground Formations,” by J. Adinoff. 

“Industrial Waste Problems at North- 
east in Philadelphia,” by Ralph A. Hoot. 

A Symposium, “Air Diffusion in the 
Treatment of Industrial Wastes by the 
Activated Sludge Process”: “The Prob- 
lem,” by Christian L. Siebert. “Biological 
Oxidation Aerators,” by R. Rupert Kountz 
and John C. Villforth. “Air Diffusion for 
Activated Sludge,” by Douglas E. Drier. 
“Air Diffusion in the Treatment of Indus- 
trial Wastes,” by G. E. Hauer. 

“Uses of Lime in Treating Oil Wastes,” 


by Thomas F. Brannan, James E. Etzel 
and Don E. Bloodgood. 
“Biochemical Oxidation of Dairy 


Wastes,” by Sam R. Hoover, Lenore Jase- 
wiez and Nandor Porges. 

“Wastes Treatment—Fairless 
by G. A. Howell. 

“Effluent Improvement Program at Hum 
ble’s Baytown Refinery,” by 8S. O. Brady. 

“The Relationship Between Biochemical 
Oxygen Demand in a Treated Industrial 
Effluent,” by Summer Kaufman. 

“Removal of Radioactivity by Ion-Ex- 
change,” by H. Gladys Swope. 

“Some Factors in Under- 
ground Waste Disposal,” by Norman F. 
Billings. 


Works,” 


Geological 


Book Reviews 
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“Limitations in the 
Landfill as a Method of Solid Trash Dis 
posal,” by Wilbur C. Webb. 


“Treatment of a 


of Sanitary 


Strong Industrial 
Waste Containing Carbohydrates and 
Chromium,” by George A. Rhame. 

“Recent Developments in Textile Waste 
Treatment,” by Nelson Nemerow and Ho- 
bart Souther. 

“Stream Pollution Abated Jointly by the 
City of Cedar Rapids and Its Industries,” 
by C. D. Mullinex. 

“Production of Vitamin B-12 From Mil 
organite,” by Ray D. Leary. 

“Disposal of Phenolic Waste to Under- 
ground Formations,” by A. C. Lansing and 
P. 8. Hewett. 

“Treatment of Waste from Small 
Slaughterhouses,” by R. Rupert Kountz. 

“The Disposal of Sludge from a Lime- 
Soda Softening Plant as Industrial Waste,” 
by George D. Russell and 
Russell. 


George 58. 


“Some Revised Concepts Concerning Bio 
logical Treatment,” by Clair N. Sawyer, 
John D. Frame and John P. Wold. 

“New Dairy 
Treatment,” by Dr. K. L. Schulze. 

“Clarification of Oil Contaminated Wa- 
ters,” by Jack E. Shideler, Jr. 

“Citrus Waste Disposal Practices and 
Research,” by J. W. Wakefield, Ben. F. 
O’Neal and Mrs, Foymae 8. Kelso. 

“Chemical Wastes,” by D. M. Vail. 

“Physico-Chemical Characteristics of 
Liming Materials as Related to Neutraliza- 
tion of Mineral Acids,” by L. John Min- 
nick and C. Presgrave. 


Waste 


Developments in 


“Diatoms as an Indication of River 


Change,” by Ruth Patrick. 
“Further Operating Experiences on 
Biological Purification of Formaldehyde 
Wastes,” by B. W. Dickerson, C. J. Camp- 
bell and M. Stankard. 
“Industrial Waste Treatment in 
tario,” by A. V. De Laporte. 


On- 


Py 
4 
2 


SEWAGE AND I) 


ating Wastes A Review ol 


I Gardner Foulke and Ra 
d F. Ledford 
Waste Pickle 


Controlled Oxidation and Continuous Lime 


Treatment b Lorenz W. Heise and M 


Liquor 


Johnsor 
Vacuum Evaporation and De-ionization 
for the Reeovering of Plating Material,” b 


D'Orazio 
“Plating Waste Treatment 

Reclamation for the Ma lag 

by T. C. Hoppe and W. L. Gasper 


Treatment ol 


and Water 


W ast 


ilfate iqguor Using Permselective 
Membranes,” b Collin Hlorner, Alvin 
Winger George Bodamer and Robert 
Kur 

“Modern Waste Disposal and Recovery 


in a Petroleum Refinery.” by A. D 
“Acclimation of 


Oxidation ol 


J. 


MehRae. 
Microorganisms for the 
Pure Organi 


Mills, Jr. and 


ale.” | 
Chemicals,” by 


Vernon 1 Stack, Jt 


“Color Removal from Kraft Mill |} 
fluents,” by W. A. Moggio. 
“Soluble © and Industrial Clear 


W aste 
“Chiorine Ga 
al Waste 
of Operation,” by R. W. 
“Water Quality Criteria,’ 

Towne and John W. Wiseman. 

“The Aerobie Biological Treatment of 
Organic Wastes,” by W. Wesley Ecken 
felder, J1 ild J. O’Connor. 

“Designs for Control and Treatment of 
Wastes at West Virginia Pulp and Paper 
Harold FE. Miller and James 


Treatment,” by George L. Suke 


Feeders Applicable 
Industri lreatment and Prineipl 
aree, 


by W. W. 


ind Dons 


Compal b 
M. Kniskert 
‘The Design and Operation of the Wa 
Treatment Works in Buick’s Jet 
Assembly Plant at Willow 
nois,” by R. J. Brink. 
“Treatment of Waste from Dye Manu 
facture at the Ciba States Ltd. Plant at 
Tom River, Ne Jersey,” by John J. 


Engine 


Springs, [bh 


Baffa. 
A cumulative index of the first nine 
“Proceedings” is included. D.P.S 


Compan 


a complete 
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The Municipal Year Book, 1955. 


Clar 


ence KE. Ridley and Orin } Nolting, 

editors. International Cit Managers 

Assn., 1313 EF. 60th St., Chicago 37, Ill. 

58 pp Price, $10.00 (195 

The 1955 (22nd) edition of this munici 
ped administrator’ tandard reference con 
tains new sectior on the role of city gov 


ernment in providing cultural activities, 


problems and data on annexations and 


metropolitan area de 


velopment and mu 


nicipal nonproperty taxe adopted by cities 


over 5,000 population. New planning sta 


neluded for cities 10,000 


population and new data i provided on 


tistie are over 
fire and police departments 

In addition, the regular 
brought 


ections have 


heer up-to-date, while significant 


nunicipal developments during the previ- 


ou year are revie wed, Summary articles 
precede eae) table in the book. 


D. 8. 


Manual on Industrial Water. 
Society for Testing Maferials, 1916 Race 
St., Philadelphia 3, Pa 120 pp. 

Pre pared b ASTM Committee D-19 on 

Industrial Water, this 1954 printing has 

been brought up to date by the inelusion of 


American 


new and revised methods issued in 1953 and 
1954. 


in the chapter headings 


However, there have been no changes 
originally pub 
lished in 1953. The text is based on the 
ASTM standards for industrial water use. 


DP. 


Water Supply Engineering. Fifth Edi 
tion. By Haroup BE. anp JAMES 
J. DOLAND. MeGraw-Hill Book Co., 
Inec., New York, N. Y. 806 pp. Price, 
$8.50 (1955). 

The new fifth edition of this 
text work 
formation on the latest accepted practices 
n the fleld of 
only publie and private wate: 


ve ll known 


and reference incorporates in 


waterworks. It covers not 


upplies as 
industrial 


in previou editions, but also 


water supplies. Particular emphasis is 


placed on the various factors needed for 
waterworks design, ineluding 


0, 


maintenance and operation. 
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SEWAGE AND INDUSTRIAL WASTES 5i3a 


Circular Collectors 


Types for every waste treatment problem 


EFFICIENT LONG- 
TERM OPERATION 


ENGINEERED FOR 
USE IN CIRCULAR 
OR SQUARE TANKS 


SELECTION OF 
DRIVES TO MEET 
YOUR SPECIFICATIONS 


CLARIFLOW THICK- 
ENERS FOR FLUE 
DUST CLARIFICATION 


TRACTOR DRIVE COLLECTOR 


This pier-supported collector is de- 
signed for circular tanks. The rotating 
bridge acts as the lever arm rotating 4 
sturdy center cage which carries the col- 
lector arms. Rotational force is provided 


SUSPENDED COLLECTORS are used 
where a simple bridge can span the tank 
diameter. In this case, the complete 
motor and drive assembly, together with 
the drive tube and collector arms, are 
suspended from the bridge. 


WRITE FOR BULLETIN 9W65 
CLARIFLOW THICKENER 


This unit utilizes the principles of fluid 
mechanics, so highly developed in 
Walker sedimentation units. It removes 
all settleable solids and remarkably clar- 
ifies the flow. All parts are sturdily 
built... designed for the “tough” jobs. 


WRITE FOR BULLETIN 10169 


WALRER PROCESS 


by a two-wheeled, rubber tired tractor 
unit running on the rim (or effluent weir 
wall of the tank). Drive unic is simple, 
easily accessible, and not affected by 
snow or ice. 


PIER DRIVE COLLECTOR 


The Pier Drive Collector is recom- 
mended where it is undesirable to 
operate a Tractor Drive... where the 
access bridge must be stationary, or the 
corners of square tanks must be scraped. 
Center drive mechanisms, ranging from 
1/2 to 10 horsepower, are built for long 
life and heavy ye service. Worms are 
carburized and ground steel and pre- 
cision meshed with hardened bronze 
worm wheels. The balls run in hard- 
ened, ground, renewable ball races, 


WALKER PROCESS EQUIPMENT INC. 
Factory — Engineering 


ices — Laboratories 
Aurora, Illinois 
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Proceedings of Member Associations 


MARY LAN D-DELAWARE An interesting program of enter- 
WATER AND SEWAGE tainment was enjoyed by those in 
ASSOCIATION attendance. 

The 98th Annus! Gonferense of the At the Business Meeting a constitu- 
Marviand-Delaware Water and Sew tional amendment was presented pro- 
age Association was again held at the Y!ding for the exemption from dues 
Commander Hotel. Ocean City, Md.. for all members of 10 yr. standing 
on May 26-27. 1955 : upon reaching age 65. Officers elected 

The technical sessions featured the ‘ Serve for 1955-56 were: 
following papers of interest to sewage President: T. F. O’¢ ‘onnor, Washing- 
works personnel ton, D. C. 

‘‘Kinancing of Sewerage Systems Ist Vice-President: John Krasauskas, 
for Small Towns,” by Kenneth A. _ Washington, D. C. 

McCord, Whitman, Requardt and As 2nd Vice-Preside nt: Robert H. Hart- 
man, Frederick, Md. 
of Secretary Treasurer: W. M. Bingley, 
Baltimore, Md 
W. McLean BINGLeEy, 
Secretary-Treasurer 


ociates, Baltimore, Md. 
‘Maintenance and Operation 
Sanitary Sewers and Sewage Pumping 
Stations,’’ by Louis Hauptman, Pump 
ing Division, Baltimore County Metro 
politan District, Towson, Md. Continued on page 516a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 


either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized’ for protection against rust and corro- 


sion 


Over 40 years continuous service to the in- 
dustry 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GaTES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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The C-E Raymond System — 


the MODERN method of 
SLUDGE DISPOSAL 


SLUDGE 
vecuum filter coke or 
thickened sludge from any 
type of sewage treatmen: proc- 


ees enters the C-E Raymond 


System, 


emerges ot desirable product, 
easy to handle, except onally rich 
in humus, ond containing the 
trace elements found in good top- 


The C-E Raymond System is the most 
popular...most versatile on the market 
today. It combines the principles of Flash 
Drying and Incineration in a single com- 
pact system that allows you to Flash Dry 
or Incinerate sewage sludge alternately or 
concurrently. It is available with a high 
temperature deodorization system that 
assures odor-free operation. 

Flash Drying by the C-E Raymond Sys- 
tem is a continuous process in which vac- 
uum filtered sludge — if uncontaminated 
with undesirable industrial wastes — is 
efficiently heat dried to a marketable soil 
conditioner retaining all its original nitro- 
gen, but eliminating the objectionable 
qualities of the original wet sludge. In a 


soil, | ent / or 


well designed and operated “activated 
plant” the revenue from the sale of soil 
conditioner is sufficient to cover a sizable 
part of the plant operating costs. 

Where the production of soil conditioner 
is not desired or the sludge is unsuitable, 
it is flash dried and then completely 
burned in suspension to an easily dispos- 
able, sterile ash. 

The services of C-E specialists are 
available to help you plan for the end of 
atmospheric or stream pollution in your 
community, as has been done in so many 
others. For specific recommendations on 
the most practical answer to your sludge 
disposal problems, get in touch with the 
Combustion office nearest you. B-860A 


also flash drying and incineration systems for industrial waste disposal 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 


1315 North Branch Street, Chicago 22, illinois 
Eastern Office: 200 Madison Ave., New York 16, N. Y. Western Office: 510 W. Sixth St., Los Angeles 14, Calif 


CANADA; COMBUSTION ENGINEERING — SUPERHEATER, LTD., MONTREAL 
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emerges as @ fine dust, free from 
clinker and unburned organic mo- 
4 
id 
{ 


5 16a SEWAGE 
KENTUCKY-TENNESSEE 
INDUSTRIAL WASTES 
AND SEWAGE WORKS 
ASSOCIATION 


The 1955 Annual Meeting of the 
Kentucky-Tennessee Industrial Wastes 
Sewage Works Association 
held jointly with the Kentucky-Tennes 
see Section, AWWA, in the Phoenix 
Hotel, Lexington, Ky., September 12 
14, 1955 A record of 274, in 
cluding 45 ladies, attended. 


and Was 


near 


Technical papers and panel discus 
sions of interest to sewage and indus 
trial wastes personnel were presented 
as follows: 


‘‘Robert A. Taft Sanitary Engineer 
ing Center,”’ by F. W. Kittrell, 
USPHS, Cincinnati, Ohio. 

‘*Water and Sewerage Problems in 
Foreign Areas,’’ by Howard D. 
Schmidt, Creole Petroleum 
Maracaibo, Venezuela. 

‘*Maintenance 


Corp., 


and Operation of 


AND INDUSTRIAL 


WASTES 


Pumping Equipment,’’ by Charles E. 
Coleman, Assistant Chief Engineer, 
Pump Dept., DeLaval Steam Turbine 
Co., Trenton, N. J. 

‘* Lexington ’s Proposed Incinerator,’’ 
by Herbert D. Fritz, City Manager, 
Lexington, Ky 

“Stream Analysis by 
Methods,’’ by M. A. 
A 
Control 


Statistical 
Churchill 
Buckingham, Stream 

Section, TVA, 


and 
Pollution 
Chattanooga, 
Tenn 

A panel discussion on sludge diges- 
tion was moderated by G. R. Watkins, 
J. S. Watkins Consulting Engineers, 
Lexington, Ky., and a sewage works 
operators’ forum featuring operating 
personne] moderated by W. C. 
Martin, Kentucky Water Pollution 
Control Commission, Louisville, Ky. 

Other panel discussions included one 
on infiltration moderated by J. S. 
Parker, Consulting Engineer, Nash- 
ville, Tenn., and another on industrial 


was 


(Continued on page 517a) 


A SPIRAGESTER ADJACENT TO A 
RESIDENCE AND FILLING STATION. 


ARE 
ANCE IS NOT UNSIGHTLY. 


222 WEST ADAMS ST. 


SPIRAGESTERS ARE AMAZINGLY FREE OF ODORS, THEY 


AUTOMATIC IN OPERATION AND THEIR APPEAR 


LAKESIDE ENGINEERING CORPORATION 


A SPIRAGESTER BUILT ON A 
SCHOOL GROUNDS. 


WRITE FOR BULLETIN 135. 


CHICAGO 6, ILLINOIS 
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waste treatment moderated by Lyman 
Cox, E. I. du Pont de Nemours & Co., 
Old Hickory, Tenn. 

Two films featured were ‘‘ Flexible 
Sewer Cleaning Equipment in Ae- 
tion’’ and ‘*‘Clay Sewer Pipe.’’ 

The following officers were elected 
to serve during 1955-6: 


Chairman: Charles M. 
Chattanooga, Tenn. 

Vice-Chairman: Louis F. 
Louisville, Ky. 

FSIWA Director: Grant Bell, 
Louisville, Ky. ‘ 
Secretary-Treasurer: 8. Leary Jones, 

Nashville, Tenn. 
S. Leary Jones, 
Secretary-Treasurer 


Davidson, 


Birkel 


CANADIAN INSTITUTE 
ON SEWAGE AND SANITATION 


The 22nd Annual Convention of the 
Canadian Institute on Sewage and 
Sanitation was held in the MelIntyre 
Arena, Schumacher, Ont., on Septem- 
ber 28-30, 1955. An excellent meeting 
and attendance marked this meeting 
in northern Canada. 

The technical meeting was composed 
of symposiums on water conservation 
and pollution control, New Develop- 
ments in waste treatment, supervision 
over small sewage treatment works, 
and planning for new townsites and 
subdivisions. Papers presented were 
as follows: 


‘‘Conservation under the Prairie 
Farm Rehabilitation Administration,’’ 
by E. L. Gray, Superintendent of Wa- 
ter Development, Prairie Farm Re- 
habilitation Administration, Regina, 
Sask. 

‘*Standards for Stream Pollution,’’ 
by J. R. Menzies, Chief Engineer, De- 
partment of National Health and Wel- 
fare, Ottawa, Ont. 

“The Economies of Gold Mining in 
Northern Ontario and the Disposal of 
Mining Wastes,’’ by Robert E. Find- 
lay, Manager, Aunor Gold Mines Lim 
ited, Timmins, Ont. 


‘*Municipal Sewage,’’ by W. B. and 
D. B. Redfern, Consulting Engineers, 
Toronto, Ont 

‘Industrial Wastes,’’ by Morris M. 
Cohn, Editor, Wastes Engineering, 
New York, N. Y, 

‘Disposal of Wastes Associated with 
Oil and Gas Production,’’ by Cooper 
Drabble, Divisional Petroleum Enyi- 
neer, Imperial Oil Limited. 

‘Civilian Plants,’’ by Loren Nielsen, 
Chicago Pump Co., Chicago, HL. 

‘*Military Plants,’’ by Major F. E. 
Barr, Director of Works, Department 
of National Defense, Ottawa, Ont 

‘Design and Government of New 
Townsites,’’ by A. EB. K. Bunnell and 
A. E. Gomme, Ontario Department of 
Planning and Development, Toronto, 
Ont. 

**Water and Sewer Services,’’ by 
R. V. Anderson, Consulting Engineer, 
Toronto, Ont. 

** Municipal Organization, Job Classi 
fication and Employer—Employee Re- 
lations,’’ J. R. Stuart, City Personnel 
Manager, Winnipeg, Man. 

A guided discussion, chairmaned by 
J. H. Irvine, Ottawa, featured factors 
in the location and operation of sewage 
treatment works, 

Inspection trips were made through 
the local industries—gold mining, 
lumbering and paper manufacturing. 
EK. Sherman Chase represented the 
Federation and presented an after-din 
ner talk on his recent travels in 
Europe 

Officers elected to serve 
1955-6 were: 


during 


President: C. G. R. Armstrong, Wind- 
sor, Ont 

Vice-President: L. B. Allan, Toronto, 
Ont 

FSIWA_ Director: C. §. 
South Poreupine, Ont. 

Secretary-Treasurer: <A. KE. 
Toronto, Ont. 


Anderson, 


Berry, 


= 


A. E. Berry, 
Secretary-Treasurer 
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Since 1885 


Patented 


Discharge Louver 
of the GRUENDLER 


Sewage Shredder 
Does It... 


Q. What is the Discharge Louver? 


A. The patented Louver is an in- 
genious Shredder-Grate Bar 
installed in the Discharge of 
the unit. 


YQ. What will it accomplish? 


A. Enable the Shredder to disin- 
tegrate larger quantities of rag 
stock with ease along normal 
run of sewage. 


View of Twin Shredder Installation 


Over 200 Units Installed in U.S.A, 


(list of installations in your 
vicinity, on request) 


NOW Sewage Wastes, of 10% rag 
stock content, can be thoroughly 
disintegrated for even sewage flow . 


No Clogging . Less power . No 


costly maintenance. 
WRITE FOR BULLETIN SG-io 


Mfgrs. of Dry Sludge Shredders, 
Refuse & Compost Grinders 


GRUENDLER 
CRUSHER & PULVERIZER CO. 


2915 N. Market Dept. SIW12 St. Louis 6, Mo. 


SEWAGE AND INDUSTRIAL WASTES 


SOUTH DAKOTA WATER 
AND SEWAGE WORKS 


CONFERENCE 
The 1955 Annual Meeting of the 
South Dakota Water and Sewage 
Works Conference was held in Mo- 
bridge, S. Dak., September 21-23, 
1955. Registration for the meeting 


totaled 89. 
Papers presented of interest to sew- 
age works personnel included the fol- 


lowing: 

‘*The Saline Water Conversion Pro- 
by E. H. Sieveka, Chemical 
U. 8. Department of In- 


gram,’’ 
Engineer, 
terior. 

Sanitation in In- 
by Professor George L. Jacob- 


‘* Environmental 
dia,’’ 
sen, School of Mines and Technology, 
Rapid City. 

‘The South Dakota Water Re- 
sources Commission,’’ by A. E. Munck, 
Commission Chairman, Pierre 

‘*Sewage Plant Fire and Sewer Ex- 
plosions at Aberdeen,’’ by Siger Bies, 
Superintendent, 
Plant, Aberdeen. 

An operators’ discussion period was 
a featured item of the Sewage Works 
Section. 


Sewage ‘Treatment 


Inspection trips were made 
to the Mobridge water treatment plant 
and to the facilities of the Montana 
Dakota Utilities Co. 

Several awards to meritorious water 
and sewage works operators were made 
at the Annual Banquet. 


At the business luncheon the re- 
cently initiated water and sewage 


plant operators’ voluntary ceritifica- 
tion program was discussed. A writ- 
ten examination was held for qualified 
operators. 

The following officers were elected 
to serve during 1955-6: 


President: Charles Clark, Mitchell. 

Vice-President: Leo Hericks, Hoven. 

Secretary-Treasurer: Charles E. Carl, 
Pierre. 


C. E. Cart, 
Secretary-Treasurer 
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... Worrying 
about 
the disposal of: 


Grits 
Grease 
Skimmings 
Screenings 
Sludge 


Burn them all together in a 
Nichols Herreshoff furnace. 


If you prefer to heat-dry sewage 
sludge, Nichols Herreshoff furnaces 
provide the simplest, cleanest 

and safest of all methods. 


Nichols Herreshoff 


Multiple Hearth Dryer-Incinerators 


Nichols Engineering & Research Corp. 
70 Pine St., New York 5, N. Y. 


1637 N. Illinois St., Indianapolis 2, Ind. 
1477 Sherbrooke St. W., Montreal 25, Canada 
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Equipment and Supply Lines 


Sewage Disposal Screen—New lit 
erature release illustrates installation, 
advantages, and operation of ‘‘North”’ 
sewage disposal sereens.-Green Bay 
Foundry and Machine Works, Green 
Bay, Wis 

Power Stirrer--A heavy-duty lab- 
oratory featuring a hollow 
spindle for dynamic balance is pre 
sented in Bulletin 530—Eberbach 
Corp., Ann Arbor, Mich 

Close-Couple Pumps — Bulletin 
Form 7093-E covers the entire line 
of close-coupled pumps in a wide range 


stirrer 


of capacities and horsepower ratings. 
Ingersoll-Rand, Cameron Pump Di 
vision, 1] New York 4, 
N. Y 
Electric Motors—A new 
Catalog GEC-1026 presents complete 
buying 


sroadway, 
28-page 
information on standard a-c 
fractional integral 
most 
Electric Co., 


and horsepower 
general use 


Schenectady 5 


electric motors in 
General 
N. Y. 
Air Diffuser—Colaflex, a new flex 
ible fabric diffuser element described 
in Bulletin 6530—B is cireular in shape 
and features 


easy’ cleaning by col 
Infileo Ine., 921 
South Campbell Ave., Tucson, Ariz. 
Screen and Comminutor——A 
bination and comminutor for 
large flows, the ‘‘Rotagrator’’ 
screen that holds solids upstream until 


lapsing the eiément 


com 
screen 


is a bar 


the comminuting section reduces them 
to a size permitting passage through 
Infileo Ine., 921 South 
Campbell Ave., 


the screen 
Tueson, Ariz. 

Controlled Volume Pumps—Bulle 
tin H20—1 describes controlled volume 
pumps for accurate chemical feed 
Milton Roy Co., 1300 E. Mermaid 
Lane, Philadelphia 18, Pa. 

Pipe Cutter—An improved light 
weight asbestos-cement pipe cutter is 
now available-—Spring Load Manu 
facturing Corp., 317 Vance Bldg., Se- 
attle, Wash 


Odor Control—A deodorizing agent 
reported to be especially helpful in 
masking and controlling odors of 
putrefaction resulting from protein 
decomposition has recently been an- 
nounced.—F ritzsche Brothers, Inc., 76 
Ninth Ave., New York 11, N. Y. 

Positioning Relay—-A positioning 
relay kit for improving the operation 
of air-operated control vaives is de- 
seribed in Bulletin P99-5.—Bailey 
Meter Co.. 1050 Rd., Cleve- 
land 10, Ohio. 

Incinerator Equipment—Buckets 
and grapples for municipal incinerator 
service are described in the 24-page 
Bulletin 2350-R.—Blaw-Knox Co., 
Farmers Building, Pittsburgh, 
Pa. 

Protective Coatings—A 19-page re- 
port on ‘‘Comparative Properties of 
Protective Coatings’’ contains informa- 
Physical 
and chemical data, and charts aid in 


Ivanhoe 


Sank 


tion on 14 types of coatings. 


the selection of appropriate materials. 

Atlas Mineral Products Co., Mertz- 
town, Pa. 

Waste Treatment Equipment—-Wa- 
ter, treatment 
equipment is described in the new 
24-page illustrated Bulletin G—50. 
Walker Process Equipment Inc., P. O. 
3ox 266, Aurora, II] 

Solenoid Valves 
trolled 
illustrated and described in a compre- 

catalog —Magnatrol Valve 
Hawthorne, N. J. 
Steel Belt Conveyors—A 


hard cover book presents extensive en- 


waste and sewage 


Electrically con- 
magnetic solenoid valves are 
hensive 
Corp., 


48-page, 


gineering and application information 
on steel belt conveyors for material 
handling.—-Sandvik Steel Belt 
veyors, 1702 Nevins Road, Fair Lawn, 
N. J. 

Electric Motor Controls—Rede- 
signed high-voltage motor controls, re- 
ported to save 50 per cent in floor 


Con- 


(Continued on page 522a) 
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Alum 


Producing 
Locations | 
- 


“slider 


FOR ALL YOUR 
ALUM REQUIREMENTS 


Specify Dependable General Chemical 


THE CHOICE OF WATER OFFICIALS AMERICA OVER — General Chemi- 
cal Aluminum Sulfate is the alum used in producing crystal-clear, 
sparkling water in so many leading American municipalities and 
industries. It has consistently met the most rigid specifications for 
more than half a century ... is also the most widely used coagulant 
for the removal of turbidity, organic color and other impurities 
from water. 


PRODUCTION FACILITIES ALL OVER THE MAP — Wherever you are, 
you are near a General Chemical plant producing dry or liquid 
alum for water processing ... 20 different primary sources in every 
section of the country. In emergencies . . . at all times . . . public 
works officials have found they can count on General Chemical for 
adequate supplies and prompt deliveries of this preferred water- 
processing alum. 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices: Albany * Atlanta * Baltimore + Birmingham + Boston + Bridgeport + Buffalo + Chariotte Serving Agriculture 
Chicago + Cleveland + Denver + Detroit + Greenville (Miss.) 


* Houston + Jacksonville + Kelamazoe from Coast to Coast 
los Angeles + Minneapolis + New York + Philedeiphia + Pittehuregh + Providence + San Francteco 
Seattle + St. Louis + Yakima (Wash.) + In Wiseonsint General (Chemical Inc., Milwaukee 


in Canada: The Nichols Chemical Company, itd. * Montreal + Toronto * Vancouver 


Sy 

| 
v 

“4 \ 

wi Ro 4 

ove Hook 

| 

a 

: 
‘= 


SEWAGE AND INDUSTRIAL WASTES 


space over previous models, are de- 
sulletin GEA-6331 A 
number of safety features are also in- 


seribed in 


corporated in these Limitamp controls 
General Electric Co., Schenectady 

5, N. Y. 
Solenoid Valve- 


Packless high-tem- 


perature solenoid valve utilizes line 


closing. 


Hawthorne, 


and 
Corp., 


pressure in 
Magnatrol 
N. J 

Pilot Pressure Filter—A fully en 
closed 3-leaf pressure filter with a net 
filtering 
for pilot plant research and produce 
tion filter American Plant 
Equipment Co., 701 Spring St., Eliza 
beth 4, N. J. 

Ball Valve—l or 


service a precision ball valve, utiliz 


opening 


Valve 


area of 1 sq. ft. is available 


selection 


water and steam 
ing four ‘‘0O’’ rings as a seal, is de 
scribed in a recently issued illustrated 
folder.-Carpenter Valve Corp., 6723 
Denison Ave., Cleveland 2, Ohio. 

Stainless Steel Valves—Catalog No 
55 furnishes technical data for stain 
less steel valve design, selection, main 
and repair. Alloy 
Hillside, N. J. 

Sludge Digestion System—A 16 
page, two-color bulletin 
development, equipment, operation, de 


tenance Cooper 


Corp 
describes the 


sign loadings and typical applications 
of the ‘‘Densludge’’ digestion system 

Dorr-Oliver Ine., Stamford, Conn. 

Submersible Utility Pump—A small 
submersible utility pump with 
pacity of 55 at 20 ft. head is 
available for building sumps and simi- 
lar locations.—Keneo, Inc., 1127 N 
Ridge Road, Lorain, Ohio. 

Plug Valve Lube Manual—Lube 
Manual No. 3 provides information on 
lubricants for plug valves used on 
Included is deserip 
tive material on plug valve construc- 
tion Valve Div., ACF 
Ine., 1501 EB. Ferry Ave., 
Mich. 

Lab Heaters 
series of versatile heaters for labora 
tory use should replace the standard 


g.p.m 


various services. 


Industries, 
Detroit 11, 


A recently announced 


hot plate where fast response to con- 
trol settings is desired. A 
‘flip-over’’ ceramic top safely accom- 
modates either large or small flasks.— 
Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. 

Midget Thermostats—-A 1-in. di- 
ameter, 2'4-in. long thermostat with 
a temperatur? range of — 50° F. is 
available for 115 v. A.C. at 1 
Fenwal Inc., Ashland, Mass. 

Pneumatic Transmitter—T echnical 
Bulletin 285-L2A supplements pre- 
vious Bulletin 285-L2 describing a 
newly-developed pneumatic transmit- 
ter for liquid level, pressure and flow 
Builders-Providence, 
Ave., Providence, 


beveled 


amp.— 


measurements 
Ine., 345 
BR. I. 

Chlorinator—-A heavy duty compact 
hypoehlorinator for private water and 
sewage use is described in Bulletin 
1201—2,—-Builders-Providence, Inc., 345 
Harris Ave., Providence 1, R. I. 

Oil Seals—-A 28-page manual cov- 
ers tne selection, application and in- 
stallation of compound 
‘*Clipper’’ oil seals. Data is tabulated 
and important points illustrated. 
Johns-Manville, 22 E. 40th St., New 
York 16, N. Y. 

Teflon Packings and Gaskets—-Com 
plete descriptions of Teflon packings, 
gaskets and similar products, respec- 
tively, are given in Bulletins CP552, 
CP553 and CP554.—-Chemical & Power 
Products, Ine., 11 New 
York 4, N. Y. 

Resistance Thermometer— An 
trie thermometer registers 
temperature, either by direct-reading 
or by recording, and can be used as a 
thermostatic controller. Useful in lab 
oratories, pilot plants and industrial 
control.—_Fisher Scientifie Co., 717 
Forbes St., Pittsburgh 19, Pa. 

Diatomite Filter Aids—-A 12-page 
illustrated brochure describes the ap- 
plications of ~ Celite” diatomite filter 
aid to water and industrial 
plant wastes.—Johns-Manville, 22 E 
40th St., New York 16, N. Y. 
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INCINERATION 


: for the small community 


Morse Boulger Incinerator serving 
Lucos & Hunt Village, St. Louis, Mo. 


| he old-fashioned refuse dump—no matter 
\ how distantly located from the town—is still an eye- 
sore, a health menace and a nuisance. Haulage to 
\ it and bulldozing (which should be done anyway) 
cost money. 

| 

| 

| 

L 


Morse Boulger, while serving very large cities with 
high tonnage incineration, has never neglected the 
small community. It, too, is entitled to the best in 
incineration... which Morse Boulger Engineers can 
provide. 


Have your consulting engineer get in touch with us 

~ about your requirements. We have basic drawings 
all set up for several types of incinerators in a wide 
range of capacities. We can expedite the plan you 
need. 


--~ MORSE BOULGER DESTRUCTOR CO. 


60-E 5th AVENUE . NEW YORK II, WN. Y. 
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SPECIAL PUBLICATIONS 


ORDER FORM 


Federation of Sewage and Industrial Wastes Associations 
4435 Wisconsin Ave., N. W. 
Washington 16, D. C. 


Please send me the following publications, for which remittance is 
enclosed: 


MANUALS OF PRACTICE 


copies * MOP No. 1, “Occupational Hazards in the 
of Sewage Works” (1944) 
Members 25 cents; non-members 50 cents 


copies * MOP No, 2, “Utilization of Sewage Sludge 
as Fertilizer” (1946) 
Members 75 cents; non-members $1.25 


copies * MOP No. 3, “Municipal Sewer Ordinances” 
(1949) 
Members 50 cents; non-members $1.00 
copies * MOP No. 4, “Chlorination of Sewage and 


Industrial Wastes” (1951) 
Members $1.00; non-members $1.25 


copies* MOP No. 5, ‘‘Air Diffusion in Sewage 
Works” (1952) 
Members $1.00; non-members $1.25 


copies * Ring Binders for numbered Manuals of 
Practice @ 2.00 


* Discount of 15% on orders for 12 or more copies. 


> 


OTHER SPECIAL PUBLICATIONS 


copies “Uniform System of Accounts for Sewer 
Utilities” (1949); mimeographed; @ $5.00 . 


copies ‘‘Glossary—Water and Sewage Control En- 
gineering” (1949) @ $1.00 


copies Twenty-Year Index to SEWAGE WORKS 
JOURNAL (1928-48) @ $4.50 


Total remittance enclosed 


Name Member ? 
(Yes or No) 
Address 


(Member Association) 
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maximum JFFERFY SLUDGE 


solids 


for primary and secondary settling tanks. Im- 
proved design emphasizes rugged construction and simplicity of line. 
They are equipped with compact, hardy drive units . . . Jeffrey's 
exclusive SUPERMAL conveyor chain . .. PERMALIFE sprockets 
.. . HYDROLESE hubs .. . top quality bearings and flights — all 
features that add up to operating economy. All submerged bearings 
are self-aligning. Flights provide full width skimming of tank. For 
Catalog 833-A, write to Sanitation Sales Division, The Jeffrey 
Manufacturing Company, Columbus 16, Ohio. 


Apron, Belt, Spiral Conveyors 
Bar and Disc Type Screens 
Biofiltration Plant Equipment 
Bucket Elevators 

Chains and Sprockets 

Dry Chemical Feeders 
FLOCTROLS 

Garbage Grinders 

Grit Collectors and Washers 
Power Transmission Machinery 
Rapid Mixers 

Screenings Grinders 

Scum Removers 

Sludge Collectors 

Sludge Elevators 

Traveling Water Screens 


JEFFREY DISTRICT OFFICES ¢ 


Birmingham 3, Ala., 2210 Third Ave. Houston 2, Tex., 903 City Nat. Bank Bidg. 

Boston 16, Mass., 38 Newbury St. Jacksonville 2, Fla., 507 Exchange Bidg. 

Buffalo 2, N.Y., 402 Jackson Bidg. Milwaukee 2, Wis., 735 N. Water St. 

Chicago 1, Ill., 307 N. Michigan Ave. New York 7, N.Y., 30 Church St. 

Cincinnati 2, O., 2905 Carew Tower Philadelphia 3, Pa., Suburban Station Bldg. 

Cleveland 15, O., 1560 Hanna Bidg. Pittsburgh 22, Pa., 1424 Oliver Bidg. 

Denver 2, Colo., 1726 Champa St. Raleigh, N.C., 116 S. Harrington St. 

Detroit 13, Mich., 5808 St. Jean Ave. Salt Lake City 1, Utah, 733 Judge Bidg. 

Duluth 2, Minn., 14 W. Superior St. St. Lovis 1, Mo., 1961 Railway Ex. Bidg. 
San Francisco 2, Calif., 870 Market $1. 


CONVEVING PROCESSING © MINING EQUIPMENT 
TRANSMISSION MACHINERY ¢ CONTRACT MANUFACTURING 
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DIRECTORY OF ENGINEERS 


(Continued through page 531a) 


ALBRIGHT & FRIEL, INC. 


CONSULTING ENGINEERS 
Water, Sewage, Industrial Wastes and Incineration Probiems 
City Planning, Highways, Bridges and Airports 


Dams, Flood Control al Buildings 
Inveatigati Reports, Appra and Rates 
.boratory for Chemical & Bactenological Analyses 
Complete Service on Design and pervision of Construction 


THREE PENN CENTER PLAZA 


PHILADELPHIA 2, PENNSYLVANIA 


ALVORD, BURDICK & HOWSON 


Engineers 
Charles B. Burdick Louls R. Howson 
Donald H. Maxwell 
Water Worka, Water Purification, 


Flood Relief 
Disposal 


Sewerage, Sewage 
Drainage, Appraisals, 
Power Generation 


Civie Opera Bullding Chicago 


ANDERS@N-NICHOLS 
‘Slompany 


Consulting Engineers 


Water Sup; Distribution and Treatment, In- 
lustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
ave, Highwa and Bridge 

Concord, N. H Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 
Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 


Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


Inc. 


MICHAEL BAKER, JR., 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 


Municipal Engineers Airport Design ewage Disposal 

yatemae Water Works Demgn and Operation —Surveys 

and Maps Plannis Highway Dengn —Conatruc- 
urveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 


Sewer Systems Sewage Treatment 
Industrial Waste Treatment 


Investigations 


P. 0. Box 67 


Crystal Lake, Lilinols 


W.H. & L. D. BETZ 


Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysi Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


BLACK & VEATCH 
Consulting Engineers 
Sewage - Water — Electricity - Industry 


Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 


4706 Broadway Kansas City 2, Mo. 


BOGERT 
Consulting Engineers 


AND CHILDS 


CLINTON Booeat 8. CHILDS 

ivan L. Booent M. DitMags 

A, Lincotn CHARLES A. MANGANARO 
WILLIAM MARTIN 


Water & Sewage Works 
lbrainage 
Highways and Bridges 


145 Faat 


Refuse Disposal 
Flood Control 
Airfields 

New York 


Street, 


16, N. Y. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 


will afford maximum prestige! 


Take advantage of the services 


of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewage and Water Works—Industrial 
Wastes— Refuse Disposal—M unicipal 
Projecte—Industrial Buildings— Reports 
Plans —Specifications—Supervision of 
Construction and Operation 
Valuations— Laboratory Service 


75 West Street New York 6, N. Y. 


BROWN AND BLAUVELT 


Consulting Engineers 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Problems Railroads 


465 Fourth Avenue New York 16, N. ¥. 


BROWN AND CALDWELL 


CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE. INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 


CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal 


Water Supply and Water Purification, 
Valuations and Keporta 


Chemical and Biological Laboratories 


112 Bast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 St. 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
‘lood Control 


6 Beacon St. Boston 5, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste “Treatment 
Power Plants-Incineration-Gas Systems 

Valuations—- Rates—-Management 

Laboratory~-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal Industrial 
Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—F lood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 


and Power Plants. Appraisa/s 


351 East Ohio St. Chicago 11, Il, 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Ctotl Engineers ana 
Surveyors 
Rewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 


ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Kecovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations Reports Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bidg. Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N_J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 


Joun AYER Raven W. Horne 
Bion A. BowMaAn L. HyLanp 
CARROLL A. FARWELL Frank L. LIncoun 


Howarp J. WILLIAMS 
Water Supply and Distribution—Drainnge 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 


Port and Terminal Works—Industrial Bldgs 


BOSTON NEW YORK 


FINKBEINER, PETTIS & STROUT 


Caaceron 8. Finxeernen Perris 
K. Srrovut 


Consulting Engineers 


Reports, Designs, Supervision 
Water Supply, Water Treatment, Sewerage 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supp! Sewerage; Structures; 
Foundations 
istrial Waste Disposal 
Investigation Reports; Plans and 
Specifications; Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 
the most complete Directory 
available of consultants-speeializing in 
sewage and industrial wastes treat- 
ment 


EDWARD A. FULTON 
Consulting Engineers 


Investigations Reports, Valuations, De 
sign and Construction——Water Supply and 
Purification Plants Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Fiood Control 


3208 Brown Read Saint Louis 14, Missoeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams. Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 


525a 
are 
7 
2 
di 
‘| 
t 
: 
| 
| 


SEWAGE AND INDUSTRIAL WASTES 


GILBERT ASSOCIATES, INC. 


Engineers and Consaltants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 


Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 


of Operation 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 

Samuel A. Greeley Paul Hansen (1920-1944) 

Paul E. Langdon Kenneth V. Hill 

Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


HASKINS, RIDDLE & SHARP 


Consulting Engineers 


Water —Sewage & Industrial Wastes — Hydraulics 
Reporta, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens 
A. A. Burger F. W. Jones 
J. W. Avery H. H. Moseley 
Palocsay 8S. Ordway 
F. C. Tolles, Consultant 
Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS——LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINERRS 
Hazen W. Sawven 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
lnvestigations, Design 
Supervision of Construction and Operation 


172 Fast 42nd Street New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Ol) Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Honnen BE. Bross 
Liscnen 
Alrports liydraulile Engineering 
Sewerage and Sewage ‘Treatment 
Water Supply Municipal Engineering 
Reports 


Shell Bullding, St. Louls 4, Missourt 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. Mor 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Tustteand Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 


TROY, N. Y. PT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations Keports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., BAN FRANCISCO 6 


It pays to secure competent and experienced engineering advice! 


5298 


— q 

’ 

| 


BEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Ine. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1212 Park Bidg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Bewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Ine. 
Consulting Engineers 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage Drainage Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y¥. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Steff Consultant 


Water ewage, Drainage and 
Industrial Waste Problems 


Structures Power Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 

Sewase Treatment, Public Bulldings, Streeta 

Power Planta, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, ¥. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 3, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew 
age Disposal; Lodustrial Wastes; Investigations 
Reports; Design; Supervision o 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 
Consuiting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 


Analyses 
369 EB. 149th Se. New York 55, N.Y. 


Take advantage of the services of 


these outstanding consultants! 
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RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VasEENn B. V. Howe 
Appraisals—Reports 
Design— Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 


Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


327 S. LaSalle Street 
Chicage 4, lilinois 


Hershey Building 
Muscatine, lows 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


209 S. High St. Columbus 15, Ohie 


HENRY W. TAYLOR 


Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Ra. Freeport, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Warkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 Bast High Street Lerxingten, Kentucky 
Branch Office 


901 Hoffman Building Louisville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a_ professional listing 
in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTON, ECKENFELDER AND ASSOCIATES 
Consultants 
Engineers ~Biologists—Ch 
Industrial Wastes 
Stream Pollution—Air Pollution 
ater —Sewage 


Surveys— Researe h— Development — Process 
Engineering—Operation Supervision Anal- 
yses—Evaluations and Reports 


Newtown Square, Pa. Leonia, N. J. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
astes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mase. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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Modern 


Hi 


= Control for 
= Sewage... 


AT THE WASHINGTON, D.C, 
SEWAGE TREATMENT PLANT 


4 Design of the Washington, D. C. Sewage Treatment 
Z Plant utilizes modern concepts of sewage chiorinatign 
control, W&T water diaphragm, high capacity ‘chige 
rinators at the Plant are controlled from remote chiorine 
rate setting stations which operate by push button, ) 
Remote control stations allow plant operators 
change chlorine rates without leaving the operating ay 
center of the plant. JRemote rate of feed indicators at the pee. 
stations show the rate at which chlorine is being fed and 


jmmediately show changes in the rate of feed, WE 
Chlorine Flow Recorders give a permanent record 
a the daily chlorine feed of each chiorinator and alse the 


total aracunt of chlorine fed to each point of application 
In addition to remote chlorinator control, WeT offers 
many other types of accurate and effective contaei 
which can heip the operation of your plant. From simple 
intermittent $tart-stop operation through automatic 
portioning of chlorine feed to sewage flow, program 
trol based on plant flow patterns, and ORP recontilte.:.2) 
controllers, W&T can answer your chiorinator contr = 


$1026 


WALLACE & TIERNAN INCORPORATED 


283 MAIN STREET. BELLEVILLE 9. NEW JERSEY. 
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